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LETTER TO THE SECRETARY. 


OFFICE OF THE UNITED STATES GEOLOGICAL AND 
GEOGRAPHICAL SURVEY OF THE TERRITORIES, 
Washington, D. C., December 1, 1878. 


Str: I have the honor to submit the following report of the opera- 
tions of the Survey under my charge, both in the field and in the office, 
during the year 1877.* 

On the completion of the work in Colorado in 1876, it was decided 
that it should continue northward into Idaho and Wyoming Territories. 
The belt of country along the fortieth parallel, including the Union 
Pacific Railroad, having been explored in detail by the Survey of the 
Fortieth Parallel under Clarence King, it was deemed best to commence 
at the northern boundary of that work and continue northward and 
westward. 

The survey was divided into five parties for field, geological, and topo- 
graphical work, besides several others for special investigation. The 
following notes present the salient features of the summer’s work : 


PRIMARY TRIANGULATION. 


The primary triangulation party in charge of Mr. A. D. Wilson, chief 
Topographer of the Survey, took the field from Rawlins Springs, Wyo. 
Near this place a base-line was carefully measured and from this a net- 
work of triangles was extended to the north and west. After. com- 
pleting the work in the vicinity of Rawlins, the party marched north- 
ward, making stations on Seminoe and Whiskey Peaks, and thence 
traveled westward to Yellow Butte, where another station was located. 
From this point the work was carried to the Wind River Range. Three 
stations were made on the more prominent points of this range, with 
much difficulty, owing tothe great quantities of snow found in these 
mountains during the month of June—the time the party was working 
there. 

Continuing the work northward and westward, stations were made 
on the Grosventre and Wyoming Ranges and on Caribou Mountain and 
Mount Putnam near Fort Hall. After refitting at the latter place, the 
party marched south via Soda Springs to the valley of Bear bale TaGte 


*A pee ae of this Le See was heed in fue pees, Route of the Field 
Work of the Survey for 1877 (Ann. Rep. Secretary of the Interior for 1877, pp. 755-787), . 
and also in the Annual Report of the Smithsonian Institution for 1877. It remains 
neariy as it was written over one year ago. 
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another base-line was measured and connected with the work as brought 
forward from the Rawlins base. 

After occupying Mount Preuss, Soda, Paris, and North Logan Peaks, » 
the party marched to Evanston, where connection was effected with the 
astronomical station made at this point by the boundary survey of Wyo- 
ming. Stations were also made on Medicine Butte and Ogden Peak, 
thus connecting with the primary triangulation of the fortieth parallel 
survey. From Evanston the party moved eastward, occupying Pilot 
and Black Buttes, again visiting Separation Peak near Rawlins, thus 
bringing the work back to the point of beginning, where the party was 
disbanded and the train sent into winter quarters at Cheyenne. 

Mr. Wilson has finished the preliminary computations of his work, and 
a chart showing the results has been published. Twenty-six points 
were occupied, while many others were located by foresights, among 
them the Grand Téton and Washakie Needles. 

The triangulation covered an area of about 28,000 square miles, extend- 
ing from longitude 107° to 112° and between north latitude 41° 10’ and 
43° 50!. . 

Stone monuments were built on all occupied points for future refer- 
ence, and when the final computations are made, the latitude and longi- 
tude of all these points will be given, with azimuths and distances 
between the points. 


TOPOGRAPHY. 


The topographical field-work of the past season was carried on by 
three parties, to each of which a definite area was assigned to be sur- 
veyed. These areas were approximately in the form of rectangles, 
limited by meridians and parallels of latitude. Each of them containeg 
about 11,000 square miles. That assigned to the Téton division, in 
charge of Mr. G. R. Bechler, lay between the meridians of 109° 30’ and 
112° and the parallels 43° and 44° 15’. This area comprises nearly all 
the country about the sources of Snake River, including the very rug- 
ged range of the Téton Mountains and the northern half of the Wind 
River Mountains. From the character of the country, being nearly all 
mountainous, and much obstructed by living and fallen timber, work 
was necessarily slow, yet Mr. Bechler succeeded in surveying nearly 
6,000 square miles up to the early part of September, when he was obliged 
to stop work and leave the country, owing to the proximity of Joseph’s 
band of hostile Indians. About one-third of the area surveyed by this 
division lies south of the Snake and west of Salt River. The remainder 
includes the greater part of the most rugged mountains, among them 
the Tétons and a portion of the Wind River Range. 

That portion of the district lying south of Snake River consists of the 
northern ends of two mountain-ranges, known as the Blackfoot and 
Caribou Ranges, with their adjacent valleys. These ranges have the 
normal trend; are here scarcely high enough (6,000 to 8,000 feet above 


' timber and grass-covered. All this section is fine grazing land, and in 
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sea-level) to be dignified with the name of mountains, and are bare of 


the valleys are large areas of arable land. 

North of the Snake are several fine valleys, well watered from the 
snow-fields of the high mountains, among which are Pierre’s and Jack- 
son’s Holes; but the mass of the country is made up of mountains. As | 
a rule, the valleys are narrow, mere cations in very many cases. The 
mountains are everywhere heavily timbered with pine and spruce. 

During the season, Mr. Bechler occupied 60 stations, and measured 
7,340 horizontal and 5,700 vertical angles. 

The area assigned to the Green River division, in charge of Mr. Henry 
Gannett, lay between the meridians of 109° 30/ and 112° 00’ and the 
parallels of latitude of 41° 45’ and 43° 00’, being directly south of that 
of the Téton division. This district includes the northern half of the 
Green River Basin, nearly all the drainage area of the Bear, and sev- 
eral large branches of the Snake,.comprising portions of the three 
Territories of Wyoming, Idaho, and Utah. The country being especially 
well adapted to this class of surveying, work was pushed very rapidly, 


_ so that, after finishing his district, Mr. Gannett was enabled to carry the 


work westward over the valleys of the Portneuf and Malade, with their 
bounding ranges. 

With the exception of the Green River Basin, which is a broad, flat 
expanse of sage and grass, the country consists of a succession of par- 
allel ranges of mountains, with the normal Rocky Mountain trend, sep- 
arated by broad valleys. The valleys are fertile and easily irrigated, 
while everywhere there is a bountiful supply of water. The average ele- 
vation of these valleys is from 4,000 to 6,000 feet, while the mountains 
rise to heights ranging from 8,000 to 11,000 feet. 

The lower mountain-ranges are grass-covered, while the higher ones 
are well timbered, in some cases even densely timbered, with heavy 
spruce and pine. The area of irrigable land is, by a rough estimate, ten 
per cent. of the district, while at least three-fourths of it is suitable for 
grazing. In surveying this area, Mr. Gannett made 347 stations of all 
grades of importance, building monuments on 53 of the principal ones 
for future reference by the land surveys, or other purposes. 

The district assigned to the Sweetwater division, under Mr. George 
B. Chittenden, lay between meridians 107° 00’ and 109° 30’ and parallels 
41° 45’ and 43° 00’, being east of that last described. It includes the 
southern half of the Wind River Range, the valleys of Wind River and 
the Sweetwater, with the Sweetwater Mountains and the desert-like © 
plateaus about the continental divide south of the latter. Of this area 
nearly all or between 10,000 and 11,000 square miles were surveyed. 
Of this district, a rough estimate makes five-eighths desert country, two- 
eighths mountainous, of value only for its timber, or, hypothetically, for 
its mineral contents, and one-eighth only valuable as pasture or agricul- 
tural land. In surveying this area Mr. Chittenden made nearly 200 
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stations. Between 80 and 90 of these were marked permanently by 
stone monuments for future reference. 

As heretofore, attention has been paid to the economic value of the » 
land surveyed. Map notes and sketches indicate the extent of land 
suitably situated for irrigation, and as all streams of any magnitude are 
gauged, and their slopes measured, the data for estimates of the amount 
of arable land areathand. Areas of pasture and timber lands are also 
noted. f 

During the whole season, of four months’ duration, the weather was 
exceptionally favorable for the prosecution of the work; scarcely a day 
was lost from bad weather by any of the parties. 

The total area surveyed during the season, and to be mapped during 
the winter, was about 29,000 square miles, a very considerable addition 
to our knowledge of the Carentan country. 

In succeeding years the work is to be extended toward the north, 
east, and west. 

GEOLOGY. 


The geological field-work of the survey for 1877 was assigned to Dr. 
FE. M. Endlich, Prof. Orestes St. John,-and Dr. A. C. Peale, in the 
Sweetwater, Téton, and Green River districts, respectively. Many in- 
teresting geological facts were observed, which are given in detail in this 
report. 

The Sweetwater district comprised a well-diversified country. The . 
eastern portion of the Green River Basin was found to be underlaid 
with Tertiary formations, with isolated volcanic eruptions at several 
points. The prevailing westerly winds of the region have resulted in 
the formation of sand dunes wherever the configuration of the country 
‘has offered an obstacle to the progress of the sand that is formed from 
the readily disintegrating Tertiary sandstones. On the eastern side of 
the Wind River Mountains a full series of the sedimentary formations 
was noted, beginning with the Silurian, and numerous stratigraphical 
phenomena were observed and studied with a view to the determination 
of the age of the mountain-range. 

Camp Stambaugh, at the south end of the range, is located within 
the area of the oldest metamorphic rocks of the district. In these rocks 
gold has been found in varying quantities for the last ten years, and, até 
one time, the region was the scene of considerable mining excitement. 

The western side of the Wind River Mountains was found to be very 
. interesting on account of the remains of enormous ancient glaciers. 
Moraines, covering many square miles, and often a thousand feet in thick- 
ness, extend downward through narrow valleys that now contain rush- 
ing streams. Striation, grooving, and mirror-like polish of rock in situ, 
denote the course taken by the moving ice-fields that have left these 
marks of their former existence. From all indications, the cessation of 
glacial activity must have occurred within a comparatively recent time. 


nal 
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_Searcely any vegetation has sprung up on the light glacial soil, and the 
- eharacteristic distribution of erratic material bears every evidence of 


“freshness.” 

All along the Sweetwater River the characteristic Sweetwater group 
of the Tertiary was found, continuing northward to the hills opposite 
Seminoe Pass. These hills were found to be projections of granite that 
during the Tertiary epoch, and probably long before, existed as islands 
in a widely extended sea. 

On the south side of the Sweetwater, in the Seminoe Hills, the older 
sedimentary formations were noted. In therggion between the Seminoe 


_ Hills and Rawlins, on the Union Pacific Railroad,.an interesting group 


of mud-springs, analogous to the mud-puffs of the Geyser region, were 


seen. About four hundred of these curious springs were found and ex- 


amined. — | : 

After finishing his work with the field-party, Dr. Endlich visited the 
eoal-mines near Evanston, Wyo., to examine the coal-bearing rocks of 
that region. 

The Green River district lies directly west of the Sweetwater district. 
With the exception of a small area of granite, along the southwestern 
side of the Wind River Mountains, and some basaltic flows in the north- 
western portion of the district, the rocks are sedimentary. The Green 
River Basin was the first area surveyed. The prevailing formation was 
found to be the Green River group of the Tertiary, underlaid by the 
Wahsatch. Toward the south, buttes of the Bridger clays rest on the 
Green River marls and sandstones. They are the northern outliers of 
the extensive Bridger areas found farther southward. 

On the northeast, the Tertiary beds rest on the granites of the Wind 
River Mountains, the line of junction being considerably obscured by 
morainal material. One of the most interesting points noted in the 
Green River Basin was on its west side, where the Wahsatch Tertiary 
is seen resting uncomformably on Jurassic and Cretaceous strata. At 
one point Carboniferous fossils were obtained from bowlders of lime- 
stone found in a conglomerate in the Wahsatch group. These were 
derived without doubt from the Carboniferous limestones of the mount- 
ains that stand a short distance to the westward, and which must once 


have formed a portion of the shore-line of the lake filling the Green 


River Basin. 

An arm of this Tertiary lake extended up Hain’s Fork of the Green 
River, where Green River and Wahsatch beds are found in horizontal 
position. In the Green River shales, at several localities, good collec- 
tions of fossil fish and insects were found, among which were many new 
species. 

The region of the Blackfoot River, in the northwestern part of the 
district, is covered in all its lowest portions with flows of basalt which 
had their origin in craters that still show between the Blackfoot, Bear, 
and Portneuf Rivers. The pouring out of this basalt must have occurred 
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either during or just prior to the present period, as there has been but 
little if any change in the surface since the eruption. On the Portneuf | 
River a narrow tongue of basalt extends almost to Snake River Valley. 
The surface of this basalt slopes somewhat, but not so much as the pres- 
ent bed of the Portneuf. The lower valley of the Portneuf is interesting 
from the fact that it is probably one of the ancient outlets of the great 
lake that once filled the Salt Lake Basin and extended across into Cache 
Valley. In Cache Valley and Malade Valley, modern Tertiary deposits 
are found jutting against the mountains, and in the central portions of 
the valleys they seem to pass gradually into the more modern deposits. 

The interesting soda-springs at the bend of Bear River were carefully 
examined. : 

Although the area surveyed by the Green River division was large, 
comprising about 13,000 square miles, large collections of fossils (many 
of them new) were made. Notes were obtained for the preparation of 
a geological map of the area, and data collected for the elucidation of 
many interesting problems in relation to the age of the mountains. 

Coal-outcrops were noted at a number of localities, on some of the 
branches of the Upper Bear River and of Green River. The famous salt- 
works on a branch of Salt River were also examined. 

Professor St. John reports the Téton district to be one of great inter- 
est. He found extensive areas covered with rocks of igneous origin, 
basalts, and trachytes. 

The Snake River plains are everywhere floored with basaltic rocks. 
They extend up the valley of the Snake as far as the lower basin, where 
they are succeeded by other volcanics, mainly trachytes. The latter are 
observed inclining at greater or less angles and appear to be more 
ancient than the basalts. The Blackfoot Valley and the valley depres- 
sions between the Blackfoot Mountains and the Caribou Range are 
floored with basalts in every way similar to those occurring in the Snake 
River plains. These extend southward into Dr. Peale’s district. 

Rhyolitic products were found at a few localities: In one instance the 
eruptive matter appears as a dike in the crest of a low, short ridge be- 
tween the Blackfoot and Caribou Ranges, its eruption having tilted the 
sedimentary deposits into an anticlinal ridge. 

In Caribou Mountain, also, interesting phenomena were observed. The 
mountain is a monoclinal ridge, made up of sedimentaries, between 
whose strata the igneous material is intruded, appearing from a distance 
like veritable beds of deposition, while the bulk of the west portion of 
the mountain appears to consist of an enormous mass of eruptive mat- 
ter thrust up from below. This mountain would therefore appear to be 
another instance of local outburst, similar to those brought to light by 
the survey in Western and Southwestern Colorado. 

Extensive areas of the district are occupied by sedimentary or strati- 
fied rocks, which were referred to the Lower Silurian, Carboniferous, 
Jura-Triassic, Cretaceous, and Tertiary ages. These rocks have been 
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_ subjected to considerable folding and displacements in the different por- 
tions of the district. 

One of the most interesting discoveries was that of the presence of 
fish-remains in the Lower Carboniferous. Several forms were found, 
identical with or closely allied to Keokuk species of the genera Oladodus, 
Petalodus, Anthiodus, and Helodus. 

In the upper basin of Snake River, Tertiary lacustrine beds occur. 
These are probably the equivalents of the lake-beds of Dr. Hayden. 

The Téton Range was examined, and found to be a gigantic monoclinal 
ridge, with a metamorphic and granitic nucleus, which forms a lofty 
exceedingly rugged, jagged crest, extending in a north and south direc- 
tion three-fourths the length of the range, culminating in Mount Hayden. 

In Jackson’s Basin, east of the Teton Range, a vast accumulation of 
morainal matter was noted. Along the west side of the basin extensive 
morainal accumulations occur, which have been cut into beautiful ter- 
races by Snake River. 

Calcareous tufa, indicating the presence of springs, was found at the 
mouth of Salt River, in a small basin east of Lincoln Valley, &c. None 
ef these, however, are comparable with the enormous spring deposits 
met with at the northeastern foot of the Wind River Mountains, in the 
apper portion of the Wind River Valley, which were hastily examined 
late in the season. 

The geological notes given above present only the salient features of 
the season’s work. 


PALEONTOLOGY. 


The necessity of a careful examination of the various geological for- 
mations in the field, and a review by a practical paleontologist of the 
various districts that have from year to year been surveyed by the dif- 
ferent geologists of this and other surveys, has been long felt. Such a 
work, indeed, was imperatively necessary before a consistent and com- 
prehensive classification of the formations could be established. This 
duty was assigned to Dr. C. A. White, the paleontologist of this survey, 
and he took the field at the beginning of the past season and continued 
his labors until its close. The special duty with which he was charged 
was to pursue such lines of travel as would enable him to make critical 
examination of the geological formations in succession as they are exposed. 
to view on both sides of the Rocky Mountain chain, and also on both 
sides of the Uintah chain; to colleet and study the fossils of these forma- 
tions in such detail as to settle, as far as possible, the quéstions of the 
natural and proper vertical limits of the formations, their geographical 
range, their correlation with each other, and to define the paleontologi- 
eal characteristics of each. 

He has pursued his researches with such success during the past sea- 
son as to demonstrate the necessity of continuing this class of investi- 
gations by various lines of travel across what is generally known as the 
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great Rocky Mountain region, especially those portions of it that have 
been surveyed, as well as those in which surveys are in progress. 
Among other important results, he has shown the identity of the 3 
lignitic series of strata east of the Rocky Mountains in Colorado with 
the Fort Union group of the Upper Missouri River, and also its iden- 
tity with the great Laramie group of the Green River Basin and other 
portions of the region west of the Rocky Mountains. He also finds 
the planes of demarkation between any of the Mesozoic and Cenozoie 
groups, from the Dakota to the Bridger inclusive, to be either very ob- 
secure or indefinable; showing that whatever catastrophal or secular 
changes took place elsewhere during all that time, sedimentation was 
probably continuous in what is now that part of the continent from the 
earliest to the latest of the epochs just named. Other results and further 
details of the season’s work will appear in the following paragraphs. 
The general course of travel pursued by Dr. White during the season 
was as follows, not including the numerous detours, meanderings, and 
side trips which the work necessitated: Outfitting at Cheyenne, he jour- 
neyed southward, traversing in various directions a portion of the great 
plains which lie immediately adjacent to the eastern base of the Rocky 
Mountains in Colorado. The most easterly point thus reached was some 
sixty miles east of the base of the mountains and the most southerly 
point about twenty-five miles south of Denver. Returning to Denver to 
renew his outfit, he crossed the Rocky Mountains by way of Boulder 
Pass, through Middle Park. After making certain comparative exam- 
inations of the Mesozoic and Cenozoic formations in Middle Park he pro- 
ceeded westward to the headwaters of the Yampa River, following that 
stream down to the western foot-hills of the Park Range of mountains. 
Here resuming his comparative examinations of the Mesozoic and 
Cenozoic strata, he passed down the valley of the Yampa as far as Yampa 
Mountain, one of those peculiar and remarkable up-thrusts of Paleozoic 
rocks through Mesozoic strata. In all this area, as well as that between 
the Yampa and White Rivers, the Laramie group reaches a very great 
and characteristic development, and it received careful investigation, 
yielding some of the most important results of the season’s work. 
Crossing the ground between the two rivers named to White River Indian 
agency, thence down White River Valley about one hundred miles ; 
thence to Green River, crossing it at the southern base of the Uintah 
Mountains, making many detours on the way, he reviewed the geology 
of the region which he had surveyed during the previous season. This 
review brought out not only the important paleontological facts before 
referred to, but it also added materially to the elucidation of the geological 
structure of the region which lies between the eastern end of the Uintah 
Mountain Range on the west and the Park Range on the east. 
Beyond Green River he pursued his travels westward, studying the. 
Mesozoic and Cenozoic strata that flank the Uintah Range upon its south 
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side, and making comparisons of both their lithological and paleonto- 


jogical characteristics. 

In this way he traversed the whole length of the Uintah Range, cross- 
ing at its junction with the Wasatch Range over into the valley of Great 
Salt Lake. Recrossing the Wasatch to the north side of the Uintah 


Range, he continued his examinations of the Cretaceous and Tertiary 


strata into and entirely across the great Green River Basin, leaving the 
field at the close of the season at Rawlins Station, on the Union Pacific 
Railroad. 

A general statement of the results of the season’s work has been 
given in a previous paragraph, but the following additional summary 
will make the statement somewhat clearer, being made after the route 
of the season’s travel has been indicated. The formations of later 
Mesozoic and earlier Cenozoic ages, especially those to which Dr. White, 
in former publications, has applied the provisional designation of ‘‘ Post- 
©retaceous,” have received particular attention. The extensive explora- 
tions of Dr. Hayden in former years, and the paleontological investi- 
gations of the late Mr. Meek, pointed strongly to the equivalency of the 
Fort Union beds of the Upper Missouri River with the lignitic formation 
as it exists along the base of the Rocky Mountains in Colorado, and 
also to the equivalency of the latter with the Bitter Creek series west 
of the Rocky Mountains. The investigations of this year have fully 
confirmed these views by the discovery not merely of one or-two doubt- 
ful species common to the strata of each of these regions, but by an 
identical molluscan fauna ranging through the whole series in each of 
the regions named. 

‘This shows that the strata just referred to all belong to one well- 
marked period of geological time, to the strata of which has been 
applied the name of “Laramie group,” (Point of Rocks group of 
Powell). His investigations also show that the strata, which in former 
reports by himself and Professor Powell have been referred to the base 
of the Wasatch group, also belong to the Laramie group, and not to 
the Wasatch. He has reached this later conclusion not merely because 
there is a similarity of type in the fossils obtained from the various strata 
of the Laramie group with those that were before in question, but by 
the specific identity of many fossils that range from the base of the 
Laramie group up into and through the strata that were formerly re- 
ferred to the base of the Wasatch. Furthermore, some of these species 
are found in the Laramie strata on both sides of the Rocky Mountains. 
Thus the vertical range of some of these species is no less than three 
thousand feet, and their present known geographical range more than a 
thousand miles. 

Besides the recognition of the unity of the widely-distributed mem- 
bers of the formation of this great geological period, bounded by those 
of undoubted Cretaceous age below and those of equally undoubted 
Tertiary age above, his further observations have left comparatively 
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little doubt that the “Lake Beds” of Dr. Hayden, as seen in Middle 
Park, the “ Brown’s Park group” of Professor Powell, and the “Uinta 
group” of Mr. King, all belong to one and the same epoch, later than 
and distinetly separate from the Bridger group. 

In that portion of the region which lies adjacent to the southern base 
of the Uinta Mountain Range, and which is traversed by Lake Fork 
and the Du Chesne River, not only the Uintah group, but both the 
Green River and Bridger groups also, are well developed, each possess- ; 
ing all its peculiar and usual characteristics as seen at the typical local- 
ities in the great Green River Basin, north of the Uintah Mountains. 
This, added to the known existence of Bridger strata in White River 
Valley, and the extensive area occupied by the Green River group be- 
tween White and Grand Rivers, has added very largely to our knowledge 
of the southward extension of those formations. 

In all the comparative examinations of the formations or groups of 
strata that have just been indicated, he has paid especial attention to 
their boundaries or planes of demarkation, crossing and recrossing them 
wherever opportunity offered, noting carefully every change of both 
lithological and paleontological characters. While he has been able to 
recognize with satisfactory clearness the three principal groups of Cre- 
taceous strata, namely, the Dakota, Colorado, and Fox Hills, on both 
sides of the Rocky and Uinta Mountains, respectively, they evidently 
constitute an unbroken series, so far as their origin by continuous sedi- 
mentation is concerned. While each of the groups possesses its own 
peculiar paleontological characteristics, it is also true that certain spe- 
cies pass beyond the recognized boundaries of each within the series. 

The stratigraphical plane of demarkation between the Fox Hills, the 
uppermost of the undoubted Cretaceous groups, and the Laramie group, 
the so-called Post-Cretaceous, is equally obscure ; but the two groups are 
paleontologically very distinct, inasmuch as the former is of marine origin, 
while the latter, so far as is now known, contains only brackish-water and 
fresh-water invertebrate forms. He reports a similar obscurity, or ab- 
sence of a stratigraphical plane of demarkation, between the Laramie 
and Wasatch groups, although it is there that the final change from 
brackish to entirely fresh water took place over that great region. Fur- 
thermore, he finds that while the three principal groups of the fresh- 
water Tertiary series west of the Rocky Mountains, namely, the Wasatch, 
Green River, and Bridger groups, have each peculiar characteristics, 
and are recognizable with satisfactory distinctness as general divisions, 
they really constitute a continuous series of strata, not separated by 
sharply-defined planes of demarkation, either stratigraphical or paleon- 
tological. 

During the progress of the field-work, as above indicated, large and 
very valuable collections of fossils have been made, all of which will 
constitute standards of reference in the future progress of the work, 
and quite a large number of the species are new to science. These are 
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now being investigated, and will be published in the usual paleontolog- 
ical reports of the survey. 


FOSSIL ENTOMOLOGY. 


Messrs. S. H. Scudder, of Cambridge, and F’. C. Bowditch, of Boston, 
spent two months in Colorado, Wyoming, and Utah, in explorations for 
fossil insects, and in collecting recent Coleoptera and Orthoptera, espe- 
cially in the higher regions. They made large collections of recent 
insects at different points along the railways from Pueblo to Cheyenne 
and from Cheyenne to Salt Lake, as well as at Lakin, Kans., Garland 
and Georgetown, Colo., and in various parts of the South Park and sur- 
rounding region. 

For want of time they were obliged to forego an anticipated trip to 
White River, to explore the beds of fossil insects known to exist there. 
Ten days were spent at Green River and vicinity in examining the Ter- 
tiary strata for fossil insects, with but poor results; the Tertiary beds of 
the South Park yielded but a single determinable insect, but near Flo- 
rissant the Tertiary basin, described by Mr. Peale in one of the annual 
reports of the Survey, was found to be exceedingly rich in insects and 
plants. 

In company with Rev. Mr. Lakes, of Golden, Mr. Scudder spent several 
days in a careful survey of this basin and estimates the insect-bearing 
shales to have an extent at least fifty times as great as those of the 
famous locality at Giningen in Southern Bavaria. From six to seven 
thousand insects and two or three thousand plants have already been 
received from Florissant, and as many more will be received before the 
close of the year. 

Mr. Scudder was also able to make arrangements in person with par- 
ties who have found a new and very interesting locality of Tertiary strata 
in Wyoming, to send him all the specimens they work out, and he con- 
fidently anticipates receiving several thousand insects from them in the 
course of the coming winter. The specimens from this locality are re- 
markable for their beauty. There is, therefore, every reason to believe 
the Tertiary strata of the Rocky Mountain region are richer in remains 
of fossil insects than any other country in the world, and that within a 
few months the material at hand for the elaboration of the work on fossil 
insects, which Mr. Scudder has in preparation for the survey, will be 
much larger than was ever before subject to the investigation of a single 
naturalist. 

ZOOLOGY. 


Prof. Joseph Leidy, the eminent comparative anatomist and micro- 
scopist, made his second visit to the West the past season, under the 
auspices of the survey. He made a careful exploration of the country 
about Fort Bridger, Uintah Mountains, and the Salt Lake Basin, in 
search of rhizopods. He has been engaged for a long time on a memoir 
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on this subject, which will eventually form one of the: series of the ae, 
Reports of the Survey. 

The rhizopods are the lowest and simplest forms of animals, mostly 
minute, and requiring high power of the microscope to distinguish their 
structure. While most of them construct shells of great beauty and 
variety, their soft part consists of a jelly-like substance. This the ani- 


mal has the power of extending in threads or finger-like processes, which _ 


are used as organs of commotion and prehension, often branching. 
From the appearance of their temporary organs, resembling roots, the 
class of animals has received its name of rhizopoda, meaning literally 
root-footed. 

In compensation for the smallness of these creatures, they make up 
in numbers, and it is questionable whether any other class of animals 
exceed them in importance in the economy of nature. Geological evi- 
dence shows that they were the starting-point of animal life in time, and 
their agency in rock-making has not been exceeded by later higher and 
more visible forms. 

With the marine kind, known as foraminifera, we have been longest 
familiar. The beautiful many-chambered shells of these—for the most 
part just visible to the naked eye—form a large portion of the ocean- 
mud and the sands of the ocean-shore. Shells of foraminifera likewise 
form the basis of miles of strata of limestone, such as the chalk of En- 
gland and the limestones of which Paris and the pyramids of Egypt are 
built. 

Fresh-water rhizopods, though not so abundant as marine forms, are 
nevertheless very numerous. They mainly inhabit our lakes, ponds, and 
standing waters, but they also swarm in sphagnous swamps, and ever 
live in newest earth. Professor Leidy has devoted several years of 
study to the fresh-water rhizopods of the eastern portion of our country, 
and his especial object in the past expedition was to investigate those 
which are to be found in the elevated regions of the Rocky Mountains. 


BOTANY. 


The botany of the Survey was represented the past season by the two 


great masters of that department, Sir Joseph D. Hooker, director of the 
Gardens of Kew, England, and president of the Royal Society of Lon- 
don; and Prof. Asa Gray, of Cambridge, Mass. Their examinations ex- 
tended over a great portion of Colorado, Wyoming, Utah, Nevada, and 
California. Their investigation into the alpine floras and tree vegeta- 
tion of the Rocky Mountains and Sierra Nevada enabled them to give a 
clear idea of the relations and influence of the climatic conditions on 
both sides of the great mountain-ranges. 

Sir Joseph Hooker, whose botanical researches embrace the greater 
part of Europe; the Indies, from the bay of Bengal across the Hima- 
layas to Thibet; the Antarctic regions and the southern part of South 
America, New Zealand, Australia, South Africa, Morocco, and Asia 


——— 


pe 
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Minor, presents in the English periodical “ Nature” for October 25 an 


outline of his studies during the season, and this outline when filled out 
, will form a most important report for the Kleventh Annual Report of the 
Survey. It will be seen at a glance that the report will be of the most 
comprehensive character, and cannot fail to be of the highest interest 


to our people. The tree vegetation, and especially the coniferz, were 
made special objects of study, and many obscure points were cleared up. 

Of a section of the Rocky Mountains comprising Colorado, Wyoming,. 
and Utah, Dr. Hooker says: 


Such a section of the Rocky Mountains must hence contain representatives of three 
yery distinct American floras, each characteristic of immense areas of the continent, 
There are two temperate and two cold or mountain floras, viz: (1) a prairie flora: 
derived from the eastward; (2) a so-called desert and saline flora derived from thé 
west; (3) a subalpine; and (4) an alpine flora; the two latter of widely different origin, 
and in one sense proper to the Rocky Mountain Ranges. 

The principal American regions with which the comparison will have first to be in- 
stituted are four. Two of these are in a broad sense humid; one, that of the Atlantic 
coast, and which extends thence west to the Mississippi River, including the forested 
shores of that river’s western affluents; the other, that of the Pacific side, from the 
Sierra Nevada to the western ocean; and two inland, that of the northern part of the 
continent extending to the Polar regions, and that of the southern part extending 
through New Mexico to the Cordillera of Mexico proper. 

The first and second (Atlantic plus Mississippi and the Pacific) regions are traversed 
by meridional chains of mountains approximately parallel to the Rocky Mountains, 
namely, on the Atlantic side by the various systems often included under the general 
term Appalachian, which extend from Maine to Georgia, and on the Pacific side by the 
Sierra Nevada, which bound California on the east. The third and fourth of the 
regions present a continuation of the Rocky Mountains of Colorado and Utah, flanked 
for a certain distance by an eastern prairie flora extending from the British Possessions. 
to Texas, and a western desert or saline flora, extending from the Snake River to Ari- 
zona and Mexico. Thus the Colorado and Utah floras might be expected to contain 
representatives of all the various vegetations of North America, except the small trop- 
ical region of Florida, which is confined to the extreme southeast of the continent. 

The most singular botanical feature of North America is unquestionably the marked 
contrast between its two humid floras, namely, those of the Atlantic plus Mississippi, 
and the Pacific one; this has been ably illustrated and discussed by Dr. Gray in various. 
communications to the Ame1ican Academy of Sciences, and elsewhere, and he has further 
largely traced the peculiarities of each to their source, thus laying the foundations for 
all future researches into the botanical geography of North America; but the relations. 
of the dry intermediate region either to these or to the floras of other countries had not 
been similarly treated, and this we hope that we have now materials for discussing. 


Dr. Hooker sums up the results of the joint investigations of Dr. Gray 
and himself, aided by Dr. Gray’s previous intimate knowledge of the 
American flora, from the Mississippi to the Pacific coast: 


That the vegetation of the middle latitudes of the continent resolves itself into three 
principal meridional floras, incomparably more diverse than those presented by any 
similar meridians in the Old World, being, in fact, as far as the trees, shrubs, and many 
genera of herbaceous plants are concerned, absolutely distinct. These are the two 
humid and the dry intermediate regions above indicated. 

Each of these, again, is subdivisible into three, as follows: 

1. The Atlantic slope plus Mississippi region, subdivisible into (a) an Atlantic, (3) 
a Mississippi Valley, and (y) an interposed mountain region with a temperate and sub- 
alpine flora. 


2. The Pacific slope, subdivisible into (a) a very humid, cool, forest-clad coast range; 
(@) the great, hot, drier Californian valley, formed by the San Juan River flowing to 
the north, ond the Sacramento River flowing to the south, both into the Bay of San : 
Francisco; and (y) the Sierra Nevada flora, temperate, subalpine, and alpine. 

3. The Rook Mountain region (in its widest sense extending from the Mississippi | 
beyond its forest region to the Sierra Nevada), subdivisible into (a) a prairie flora, (8) — 
a desert or saline flora, (vy) a Rocky Mountain proper flora, temperate, subalpine, and — 
alpine. q 

As above stated, the difference between the floras of the first and second of these re- 
gions is specifically, and to a great extent generically, absolute; not a pine or oak, 
maple, elm, plane, or birch of Eastern America extends to Western, and genera of 
thirty to fifty species are confined to each. The Rocky Mountain region again, though 
abundantly distinct from both, has a few elements of the eastern region and still more © 
of the western. 

Many interesting facts connected with the origin and distribution of American plants, 
and the introduction of various types into the three regions, presented themselves to 
our observation or our minds during our wanderings. Many of these are suggestive of 
comparative study with the admirable results of Heer’s and Lesquereux’s investiga- 
tions into the Pliocene and Miocene plants of the north temperate and frigid zones, 
and which had already engaged Dr. Gray’s attention, as may be found in his various 
publications. No less interesting are the traces of the influence of a glacial and a ~ 
warmer period in directing the course of migration of Arctic forms southward, and 
Mexican forms northward in the continent, and of the effects of the great body of 
water that occupied the whole saline region during (as it would appear) a glacial 
period. . 

Lastly, curious information was obtained respecting the ages of not only the big 
trees of California, but of equally aged pines and junipers, which are proofs of that 
duration of existing conditions of climate for which evidence has hitherto been sought 
rather among fossil than among living organisms. 
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ARCH AOLOGY. 


Up to the year 1874 rumor had been telling many marvelous stories 
of strange and interesting habitations of a forgotten people, who once 
occupied the country about the headwaters of the Rio San Juan, but 
these narrations were so interwoven with romance that but few people 
placed much reliance upon them. To those well versed in archeology, — 
ruins of an extensive and interesting character were known to exist 
throughout New Mexico and Arizona, and the various reports of Abert, 
Johnson, Sitgreaves, Simpson, Whipple, Newberry, and others form our . 
most interesting chapter in ancient American history; but their re- 
searches, aside from the meager accounts published by Newberry, throw 
no light on the marvelous cliff dwellings and towns north of the San 
Juan. _ In 1874 the photographic division of the United States Geolog- 
ical Survey was instructed, in connection with its regular work, to visit 
and report upon these ruins, and in pursuance of this object made a 
hasty tour of the region about the Mesa Verde and the Sierra el Late, in — 
Southwestern Colorado, the results of which trip, as expressed by Ban- 
croft, in the Native Races of the Pacific Coast, “although made known 
to the world only through a three or four days’ exploration by a party 
of three men, are of the greatest importance.” A report was made and 

published, with fourteen illustrations, in the Bulletin of the United 
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‘States Geological and Geographical Survey of the Territories, second 
_ series, No. 1. 

The following year the same region was visited by Mr. W. H. Holmes, 
one of the geologists of the Survey, and a careful investigation made of 
all the ruins. Mr. Jackson, who had made the report the previous year, 
also revisited this locality, but extended his explorations down the San 
Juan to the mouth of the De Chelly, and thence to the Moqui villages 
in Northeastern Arizona. Returning, the country between the Sierra 
Abajo and La Sal and the La Plata was traversed, and an immense number 
of very interesting ruins were first brought to the attention of the outside 
world by the report which was published the following winter in the 

Bulletin of the Survey, Vol. II, No. 1. 

The full report on these ae ruins, so far as the Survey is con- 
cerned, was published in the Tenth Annual Report of the Survey, with 
many illustrations. 

The occasion of the Centennial Exhibition at Philadelphia led to the 
idea of preparing models of these ruins for the clearer illustration of 
their peculiarities, four of which were completed in season for the open- 

‘ing of the exhibition. Since that time not only the number of these 
interesting models has been increased, but they have been perfected in 
execution and faithful delineation of these mysterious remains of an 
extinct race who once lived within the. borders of our western domain. 

A study of these models will give a very excellent idea of the ruined 
dwellings themselves. The first of these models, executed by Mr. 
Holmes, represents the cliff house of the Mancos Cafion, the exterior di- 
mensions of which are 28 inches in breadth by 46 inches in height, and 
on a scale of 1.24, or two feet to the inch. This is a two-story building, 
constructed of stone, occupying a narrow ledge in the vertical face of the 
bluff 700 feet above the valley, and 200 feet from the top. It is 24 feet 
in length and 14 feet in depth, and divided into four rooms on the 
ground-floor. The beams supporting the second floor are all destroyed. 
The doorways, serving also as windows, were quite small, onty one small 

aperture in the outer wall facing the valley. The exposed walls were 
lightly plastered over with clay, and so closely resembled the general 
surface of the bluff that it becomes exceedingly difficult to distinguish 
them at a little distance from their surroundings. ; 

The second model of this series was constructed by Mr. Jackson, and 
represents the large “cave town,” in the valley of the Rio de Chelly 
near its junction with the San Juan. This town is located upon a nar- 
row bench, occurring about 80 feet above the base of a perpendicular 
bluff some 300 feet in height. It is 545 feet in length, abou’ 40 feet at 
its greatest depth, and shows about 75 apartments on its ground-plan. 
The left-hand third of the town, as we face it, is overhung some distance 
by the bluff, protecting the buildings beneath much more perfectly than 
the others. This is the portion represented by the model. <A three- 
story tower forms the central feature; upon either side are rows of 
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lesser buildings, built one above another upon the-sloping floor of rock. 

Nearly all these buildings are in a fair state of preservation. This model | 
is 37 by 47 inches, outside measurements, and the scale 1.72, or 6 feet to 

the inch. A “restoration” of the above forms the third in the series, of 
the same size and scale, and is intended, as its name implies, to repre- 

sent as nearly as possible the original condition of the ruin. In this we 

see that the approaches were made by ladders and steps hewn in the 

rock, and that the roofs of one tier of rooms served as a terrace for those 

back of them, showing a similarity, at least, in their construction to the 

works of the Pueblos in New Mexico and Arizona. Scattered about 

over the buildings are miniature representations of the people at their 

various occupations, with pottery and other domestic utensils. 

The “‘triple-walled tower,” at the head of the McElmo, is the subject 
of the fourth model, and represents, as indicated by its title, a triple- 
walled tower, situated in the midst of a considerable extent of lesser 
ruins, probably of dwellings, occupying a low bench bordering the 
dry wash of the McElmo. The tower is 42 feet in diameter, the wall 2 
feet thick, and now standing some 12 feet high. The two outer walls 
inclose a space of about 6 feet in width, which is divided into 14 equally- 
sized rooms, communicating with one another by small window-like 
doorways. The next is a “cliff-house” in the valley of the Rio de Chelly. 
It is about 20 miles above the cave town already spoken of. This is a 
two-story house, about twenty feet square, occupying a ledge some 75 
feet above the valley, and overhung by the bluff. The approach from 
the valley is by a series of steps hewn in the steep face of the rock; and 
this method was the one most used by the occupants, although there is 
a way out to the top of the bluff. This model is 42 inches in height by 
24 broad, and is built upon a scale of 1.36. 

Téwa, one of the seven Moqui towns in Northeastern Arizona, is a 
very interesting and instructive model, representing, as it does, one of 
the most ancient and best authenticated of the dwellings of a people 
who are supposed to be the descendants of the cliff-dwellers. Téwa is 
the first of the seven villages forming the province as we approach 
them from the east, and occupies the summit of a narrow mesa some 
600 feet in height and 1,200 yards in length, upon which are also two 
other sgmewhat similar villages. The approach is by a circuitous road- 
way hewn in the perpendicular face of the bluff, which surrounds the 
mesa upon all sides. It is the only approach accessible for animals to 
the three villages. Other ladder-like stairways are cut in the rock, 
which are used principally by the water carriers, for all their springs’ 
and reservoirs are at the bottom of themesa. This village is represented 
upon a scale of 1 inch to 8 feet, or 1.96. The dimensions of the model 
are 36 inches in length, 29 inches in width, and 14 inches in height. 

In the spring of 1877, Mr. Jackson made a tour over much of the 
northern part of New Mexico, and westward to the Moqui towns in 
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ona, and secured materials for a number of very interesting models, 

llustrating the methods of the Pueblos or town-builders in the construc- 

on of their dwellings. Two villages have been selected for immediate 
construction, as showing the most ancient and best known examples of 

_ their peculiar architecture, viz: Taos and Acoma; the one of many- 

storied, terraced houses, and the other built high up on an impregnable 

rock. The model of Taos is now completed, the dimensions of which 
are 42 by 39 inches, and the scale one inch to twenty feet, 1: 240. 
Of this town Davis says: 

_ Itis the best sample of the ancient mode of building. Here are two large houses 
three or four hundred feet in length, and about one hundred and fifty feet wide at the 
base. They are situated upon opposite sides of a small creek, and in ancient times 
are said to have been connected with a bridge. They are five and six stories high, 

_each story receding from the one below it, and thus forming a structure terraced from 
top to bottom. Each story is divided into numerous little compartments, the outer 
tier of rooms being lighted by small windows in the sides, while those in the interior 
of the building are dark, and are principally used as storerooms. * * * The only 
means of entrance is through a trap-door in the roof, and you ascend from story to 
story by means of ladders on the outside, which are drawn up at night. 


Their contact with Europeans has modified somewhat their ancient 
style of buildings, principally in substituting doorways in the walls of 
their houses for those in the roof. Their modern buildings are rarely 
over two stories in height, and are not distinguishable from those of 
their Mexican neighbors. The village is surrounded by an adobe wall, 

_which is first included within the limits of the model, and incloses an 
area of eleven or twelve acres in extent. Within this limit are four of 
their estufas, or secret council-houses. These are circular underground 
apartments, with a narrow opening in the roof, surrounded by a pali- 
sade, ladders being used to go in and out. : 

These models are first carefully built up in clay, in which material all 
the detail is readily secured, and are then cast in plaster, a mold being 
secured by which they are readily multiplied to any extent. They are 
then put in the hands of the artists and carefully colored in solid oil 
paints to accurately resemble their appearance in nature, and, in the 
case of restorations or modern buildings, all the little additions are made 
which will give them the appearance of occupation. The survey is in 
possession of the data for the construction of many more models, and 
they willbe brought out as opportunity is given. They have also, in 
connection with the views, multiplied many of the curious pieces of pot- 
tery which have been brought back from that region by the various 
parties connected with the survey. 

These models are now in the possession of several of the leading mu- 
seums of this country and of Europe, in Washington, Princeton, Cam- 
bridge, New York, London, Paris, and Berlin, and will serve more fully 
to illustrate and perpetuate our knowledge of this singular period in our 
country’s history. 
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THE VALUE OF PALEONTOLOGY IN THE WORK OF THE SURVEY. 


By examining the publications of the survey, it will be seen that much ~ 
attention has been given to the ancient fauna and flora of our Western — 
Territories. The memoirs by Leidy, Cope, Lesquereux, Scudder, Meek, 
and White will always remain as imperishable monuments of their la- — 
ors in their respective departments. The value of their studies in con- © 
nection with geological explorations and surveys is often in danger of 
being underestimated by not being correctly understood; but the im- 
portance of such work may be indicated by the fact that it is upon the — 
study of fossil remains that the whole system of geology was originally 
based, and which study now forms the only reliable foundation for the 
correct classification of the stratified rocks of the earth. 

The study of the fossil remains of animals and plants not only adds 
immensely to the sciences of zoology and botany, givitg them a com- 
pleteness which could never be attained by the study of living forms 
alone, but it has immediate and direct practical application in the eluci- 
dation of the systematic geology of every region as well as a general 
and universal classification of the stratified rocks. It is unfortunately 
the case that many attempts have been made by persons reporting upon 
the geology of certain districts to base the classification of the formations 
within it upon the lithological characteristics alone, ignoring the fossil 
remains as not being of practical value for such purposes. While this 
method of classitication is often approximately correct for limited areas, 
it is even in such cases often erroneous and always subject to serious — 
error, and in larger regions wholly unreliable. The history of geology 
contains cases in which resurveys of considerable districts, at great ex- 
pense, have been rendered necessary by a failure to follow the indications 
afforded by the fossil remains of the strata concerned. 

The following brief statement may be taken as illustrating the method 
of applying a knowledge of fossil remains to the classification of the 
strata containing them. The different groups of strata, or the forma- 
tions that make up the great series of stratified rocks of the earth, from 
the earliest to the latest formed, are each, respectively, characterized by - 
their own peculiar kinds or types of fossils. The paleontologist studies 
these, and, by familiar acquaintance with their respective characteristics, 
he is able to recognize the particular formations to which they belong 
wherever he may discover them, whether then associated with other 
formations or not. Each formation being thus characterized, he finds 
that they hold definite and invariable relations of superposition to each — 
other; and that this order of their relation is never interchanged or re- 
versed; for an animal or vegetable type once introduced and become 
extinct has never been repeated, but it has left the evidence of its former 
existence to mark an epoch in the passage of geological time. By this 
means the paleontologist is able to determine the position in the great 
scale of formations, any one of these that he may discover in any part 
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the earth, even if the others are not there present for study in direct 
ection. In no other way can the relative geological age of forma- 
ons be aceurately known. Therefore, admitting the atility of geology 
t all, the practical utility of paleontology must be plainly recognized. 
But it is not only in this general way that the practical utility of 
paleontology is shown, for there are many ways in which its application 
gains or saves from useless expenditure great sums of money. 
The study of fossil remains found in the strata which are associated 
with beds of coal, and those found in the formations which respectively 
underlie and overlie the coal formation, show that each is so character- 
ized by its own peculiar fossils that they can be unhesitatingly recog- 
nized by them, even when no coal is visible, and the lithological charac- 
ter of the strata is found to be different from what it was where last 
observed. Thug, if,in the geological examination of a district, the rocks 
at any certain place are found to contain the fossils peculiar to the for- 
mation which belongs above that which contains the coal, the latter lies 
beneath, and coal may reasonably be sought by deep mining. If, on the 
contrary, the formation examined be found to contain the fossils pecu- 
liar to the one whose place in the geological scale is beneath the coal 
formation, search for coal in the whole region in which that formation 
is at the surface is sure to result in failure, because the coal formation 
has either been removed by erosion, or it was never deposited there. 
In either case it is a certain waste of money to search for coal under 
such circumstances. 

The history of mining has been said to be a fibeie’ of failures; and 
this is doubtless true as regards preliminary operations or prospecting. 
It is especially true as regards prospecting for coal, and it is safe to say 
that far the larger part these failures might have been avoided by a 
moderate amount of paleontological knowledge and an observance of its 
teachings. 

The sums which have been expended by private enterprise in the 
search for coal in the different States of the Union, in places where one 
possessing the merest rudiments of paleontological knowledge would 
have known better, is enormous; and this waste of labor and capital can 
be stopped only by a proper diffusion of the knowledge referred to. 

Besides the determination of these facts of immediate practical use in 
limited districts, the paleontological study of the formations enables us 
to map large regions and to indicate the boundaries within which it is 
reasonable to search for coal or other valuable products, and beyond 
which such search is sure to result in failure. Many examples of this 
kind might be cited, but these remarks will be closed with a single illus- 
tration drawn from the recorded results of this survey. Coal is found 
abundantly in the Laramie formation at the eastern base of the Rocky 
Mountains in Colorado. The associated strata are found to be charac- 
terized by peculiar fossils. The different formations which immediately 
underlie the surface of the great plains east of those mountains are so 
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leveled off and obscured by soil débris that they can nowhere be recog- 

nized or distinguished from each other except by their fossils. Chance 
: exposures at long intervals, and the sinking of occasional wells, have re- 
vealed the peculiar fossils of that coal-bearing formation at points as far 
out on the plains as Western Kansas, and it is reasonable to infer that 
the formation has a still wider range than is thus indicated by such facts 


at present known. It is therefore reasonable to expect to find coal over — 


a large region far out on those plains which is wholly destitute of all 
other kinds of fuel. Important districts within that region will thus be 
rendered profitably habitable, which would otherwise be worthless. 

The Survey is under great obligations to Dr. Elliott Coues for his 
continuous and able superintendence of the publications of the past 


year. He was so fully occupied that he could not perform any extended — 


zoological work in the field. A synopsis of the numerous publications 
of the Survey will be prepared by him for the Annual Report for 1878. 
The thanks of the Survey are also due to Mr. James Stevenson, ex- 
ecutive officer, for his able management both in the field and in the office. 
Very respectfully, your obedient servant, 
F. V. HAYDEN, 
. United States Geologist. 
v To the SECRETARY OF THE INTERIOR. 


PART ‘i. 


GEOLOGY AND PALAIONTOLOGY. 


REPORT OF F. M. ENDLICH, §, WN. D. 


LETTER OF TRANSMITTAL. 


WASHINGTON, D. C., May 15, 1878. 


Sir: I have the honor herewith to submit my report of 1877 as geolo- 
gist of the Sweetwater division. The party to which this area was as- 
signed for exploration consisted of G. B. Chittenden, topographer direct- 
ing; Charles H. Howes, assistant topographer; Edward T. Clymer, as- 
sistant geologist, and myself. Two packers and a cook completed the 
personnelle. According to instructions received, we started from Chey- 
enne on May 31, by rail, for Salt Wells station. On June 2 we com- 
_menced our field-work. Making Camp Stambaugh and Rawlin’s Springs 
our bases of supplies, we arranged our trips so as to reach them at the 
proper time. ‘To the officers of both Camp Stambangh and Camp Brown 
we are under great obligations for the efiicient aid they kindly rendered 
us in many instances. Our work was facilitated and we were enabled 
to avoid many annoyances through their cheerfully extended courtesy. 

During the season two of the members of our party were taken sick 
with mountain fever, but both recovered fully. After having com- 
pleted my portion of the work, I left the party on September 17, rode to 
Rawlings’ and proceeded from there to the region of Evanston, Wyo., in 
order to examine the coal-mines. September 23, the rest of the party 
reached Fort Steele and disbanded. So as to comply with the orders 
which required our return by October 1, a small portion of the district 
assigned to us remained unsurveyed. During the season we rode over 
2,500 miles. The pack-train, in the same time marched 1,500 miles. 

Owing to the protracted, severe illness of Mr. Chittenden, no map has 
been prepared as yet showing the results of our labors. As no good 
map of that region exists, furnishing a sufficiently large scale, 1 am 
forced to modify the usual arrangement of my report. No references 
can be made to localities which are not represented by the older maps, 
and descriptions thereof must necessarily suffer. In order to remedy, 
as far as possible, this want, I have prefaced my report with an itinerary. 
In this will be found a connected account of the trip, which may aid in 
making more intelligible the allusions in subjoined pages to the names 
of places and regions we visited. The report proper is divided into five 
chapters. Of these, the first treats of the physical and, in part, faunal 
character of the country surveyed; the second describes the surface and 
structural geology of the Wind River Range and the country east of it; 
the third treats of the country comprised within the Sweetwater drainage; 
the fourth discusses the low southern country; and the fifth contains a 
review of the economic geology of the district, besides a “Conclusion.” 
An appendix has been added, containing a catalogue of the minerals 
found within our district. The study of the coal-mines will be the sub- 
ject of a separate report. 

Owing to the want of a reliable map, much information has necessarily 
been omitted which otherwise might have been embodied in this report. 
The distances given, from point to point, are not measured or calculated, 
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but estimated. For this reason I would beg leave to submit the strictly’ 
geological report merely as a preliminary one, expecting to enlarge it 
and furnish a larger number of definitely established data at some future 
time, after the necessary maps have been prepared. . 

To the members of the party, and especially to my assistant, Mr. | 
Clymer, are due my sincere thanks for their codperation during the field- 
season. Dr. Coues has kindly furnished me with the names of various | 

_animals which we observed during the trip, and I am under obligations | 

to him therefor. Dr. Vasey has rendered the same service with refer- 
ence to the plants. 

Hoping that the subjoined report may meet your requirements, I have 
the honor to remain, sir, very respectfully, your obedient servant. 

FREDERIC M. ENDLICH. 
Dr. I. V. HAYDEN, 
Geologist-in-charge United States Geological 
and Geographical Survey of the Territories. 


REPORT ON THE GEOLOGY OF THE SWEETWATER DISTRICT. 


By F. M. Enpuicu, S. N. D. 


ITINERARY. 


During the summer season of 1877, a district was assigned to us lying 
between north latitude 41° 45’ and 43°, and west longitude 107° and 
109° 30’, within the Territory of Wyoming. A portion of the ground had 
been covered by Frémont’s expedition in 184243, and by Dr. Hayden’s 
explorations during 1870. For the purpose of continuing the regularly 
mapped survey of the Territories, it was necessary that connected explo- 
rations of this region should be made. The area assigned to us covered 
11,500 square miles, but a portion thereof remained unsurveyed, owing 
to the advanced season. Much that heretofore was unknown within 
the district has been discovered, and points remaining in doubt have 
beenclearedup. Asnomap can accompany the subjoined geological report, 
this itinerary may facilitate the determination and recognition of localities 
referred to therein. A certain amount of repetition will occur; but as 
the one description is prepared from the standpoint of a traveller, and 
the other from that of a geologist, it may be hoped that each will present 
features which the other does not contain. 


FROM SALT WELLS TO CAMP STAMBAUGH. 


Having left Cheyenne by rail May 31, we reached Salt Wells Station 
early on June 1. The day was fully occupied in arranging and classify- 
ing the provisions, instruments, ammunition, and personal property of the 
party. As might be expected, the mules, which had for seven months | 
been perfectly idle, exhibited a degree of friskiness that promised char- 
acteristic developments upon their first packing. Proceeding in a 
direction a little west of north, we left the Union Pacific Railroad and 
reached our first camp on Packer’s Creek. It was found to be dry, but 
water was obtained from some small alkaline pools in the vicinity. 
Early on the day following we started, after having collected our stray- 
ing animals, and travelled in a direction north of east. In the distance 
some prominent black hills appeared, indicating to us the probability of 
finding water, and furnishing good points for the purposes of topographi- 
cal work. During the entire day we saw no water, excepting that which 
we received most plentifully in the shape of a drenching rain. A stiff 
wind blowing it directly into our faces, rather disconcerted the mules, 
and it required constant “argument” to keep them in line. Some very 
characteristic scenery was found on the way, indicating that we had 
left the Cretaceous area and entered that of the Tertiary formation. 
Fluviatile erosion has carved deep, narrow cafions into the readily yield- 
ing sandstones and marls. Depositing the detritus in conveniently 
located valleys, these have been filled with loose soil, often to the depth 
of 30 feet and more. The first thing that attracted our attention was 
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the ebsence of Indian trails. This indicated a scarcity of water, grass, 
and game. Subsequently we found these indications amply borne out 
by facts. Having ascended a high ridge, we saw before us a series of 
gullies and small catons that presented very typically the aspect of the 
Wasatch group. Vertical or very steep walls of sandstone and marl 
were carved by erosion. Bright colors, white, yellow, orange, red, and 


; 
; 
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maroon, blending in beautiful harmony, tended to complete the picture. — 


Seattermeg pines and cedars relieved the uniformity of rock-exposures. 


By four o’clock we had not found any water, although we were within the ~ 
limits of a small group of basaltic hills. Between our position at that — 


time and the highest hill of that region stretched a band of loose sand 
about 4 miles wide. Riding over this mass, which has been accumulated 


here and elsewhere by the prevailing westerly winds, our mules sank — 
in knee-deep. Tired as they were by their march, carrying heavy loads — 


for the first time after months of inactivity, they became very much 
fatigued. About sundown we reached the base of the hill for which we 
had been heading all day, and, after wading through a swamp, treach- 
erous and filled with quicksands, we struck camp near a small spring. 
Close by was a lake of considerable size, the white shores of which indi- 
cated the nature ofits water. Timber was ascarce article, and sage-brush 
furnished. the fire for cooking and for warming ourselves after a chilly, 
wet day. The bill or mountain at the base of which we were encamped 
we named Hssex Mountain. Fortwo days our camp remained stationary, 
while stations were made on the hills within a radius of 15 miles. We 
then found that reaching this point had been very fortunate, as no water 
was to be seen for many miles. 

On June 6, we rcde from Mount Essex in a westerly direction. For the 
‘first time a few antelope appeared, but they were very shy, and some 
bullets sent into their vicinity at 600-yard ranges only added to their 
fear, without furnishing us with any fresh meat. Toward evening we 
encamped on a creek, which we named subsequently White Horse Creek. 
During the day we had followed a dim wagon-road, which, so faras we could 
determine, is what some maps designate as ‘‘ Hvans’ route,” or the “ Old 


Overland Stage Route.” Before long, however, we were obliged to leave. 


it and keep to the left. Alkal water was found in the creek, which at 
first the animals refused to drink. Sage-brush here grows to such a size 
that the appellation of “ sage-trees” would be justifiable, and it furnished 
the material for fire. Leaving this camp we continued our journey west- 
ward, intending to reach the nearer drainage of Big Sandy Creek. Dur- 
ing the day, while riding in the creek valley, we discovered a white horse, 
which was captured after a short run. It was-not one of the noble ani- 
mals which roam in herds over the “ boundless prairie,” but was blind, 
had a stringhalt, and still carried two shoes. We noticed that a portion 
of its back was covered with wool-like hair, about one and a half inches 
thick. At the time, this was shedding. About neon we crossed an old 
emigrant-road, where the deeply-cut furrows told a tale of the hundreds 
and thousands who had passed overit, some going to their fortunes, others 
miserably to perish. About three o’clock the sight of telegraph poles 
showed us that we had reached the stage and mail road between Bryan Sta- 
tion and Camp Stambaugh. We followed it over a rolling country, until, 
at sundown, we arrived at Dry Sandy Station. Thisname is aptly chosen. 
A wide creek-bed is filled to the depth of several feet with fine, ight-yellow 
sand, perfectly dry, except during the seasons of highest water. For a 
long distance this bright line could be traced, meandering its course 
through the surrounding sage-brush, until it was lost as a mere silvery 
line in the distance. At midnight, after having camped, I took the stage 
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to South Pass City, from there to go to Camp Stambaugh, where I expected 
to rejoin the party. A disagreeable ride in a snow-storm brought me to 
South Pass about five o’clock in the morning. Driving on through ab- 
solute darkness, it seemed almost like a miracle that the horses kept the 
road and safely crossed a number of very primitive bridges. 
_ South Pass City is located on Willow Creek, a swiftly-flowing tributary 
of Sweetwater River. Near Pacific Springs, a favorite camping-place 
for emigrants, the Tertiary beds suddenly cease, and we enter a meta- 
‘morphic region. Ten and twelve years ago, ore-bearing lodes were dis- 
covered in these metamorphics, gold was washed out of the gulches, and 
the “Sweetwater Mines” were far-famed for their richness and reported 
production. Misrepresentation, bad management, and unscrupulous 
speculation ruined what might have become a flourishing mining dis- 
trict. To-day the town presents a dreary appearance. Many, if not the 
majority, of its houses are deserted, and broken window-panes, swinging 
doors, and torn roofs tell a pitiful tale of desolation. On the surrounding 
hills buildings are located which are in connection with the mines. Very 
few of the latter are being worked, while a large number appear to 
be abandoned temporarily. Ascending a steep hill, we passed through 
a very pretty country, and after a short drive reached Atlantic City. 
This, too, is located in anarrow valley, and was formerly the active centre 
of mining operations. 

By this time we had: approached the Wind River Mountains within 
but a short distance of their southern base. Viewed from farther south, 

the highest peaks of the range rose in abrupt forms from the surrounding 
country. Snow-capped, as yet, they towered far above the foot-hills of 
the range. Now, the latter prominently occupied the foreground; the 
former were no longer visible. The character of the country changes 

entirely with the change of geological formation. Instead of the ever- 
repeated fiat-topped bluff, we here find massive, rolling hills, separated 
by steeply-inclining valleys withnarrow bottoms. Small creeks are found 
within these, many of which, however, cannot sustain a sufficient amount 
of water during the dry season to permit them to flow. Quaking asps, 
some cottonwood, and scattering pines, afford good shelter and wood for 
cainping purposes. A short ride from Atlantic City in a northerly di- 
rection brings us to Camp Stambaugh. At the-time of my first visit, 
this post contained a company of the Second Cavalry. . The officers re- 
eeived me with the utmost courtesy, and upon the subsequent arrival of 
the party afforded us very material aid. 

Camp Stambaugh, commanded at that time by Captain Spaulding, is 
situated in a wide valley, surrounded on every side by hills composed of 
metamorphic schists. Their dark color and very sparse vegetation gives 
a sombre aspect to the entire scenery. Several small creeks flow within 
short distances of the post, and I visited them in company with the 
officers. Ata number of places gulch-mining is carried on there, but 
the miners complain that the gold is so “fine” that it is a very difficult 
matter to save it. A very decided character, a thorough type of the 
adventurous western prospector and pioneer, was employed at the post 
at that time. He was engaged in burning charcoal. From morning 
until night this old, grey-bearded man, who had seen the snows of more 
than seventy-five winters, attended to the smoking pile. His sole am- 
bition, his incentive to work,*was the prospect of “making a stake” and 
going to the Bighorn country, there once more to try and gain the 
gold that rumor located within that famous region. The proceeds of 
his work he subsequently converted into a donkey, some bacon, flour, 
a pick, a shovel, and a rifle, and then set out on foot on a journey that 
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mnight prove to be a severe one for many a younger man. By the time 
the guich-miners had their works in proper order the water supply gave 
out at many places, and they were forced to abandon the placiers. Much. 
work has been done on the various creeks, and at some points the gravel 
is carted considerable distances to reach water. The limited supply, 
however, of this commodity, cuts short the season for active operations, 
and forbids the erection of such contrivances as might prove to be more 
remunerative. 

Camp Stambaugh was named after Lieut. Charles B. Stambaugh, of 
the Second Cavalry, who was killed in action with Indians near Miner’s 
Delight on March 4, 1870. It was established as a substation to Fort 
Bridger, on June 20, 1870, and announced as an independent post August 
20, 1870. Its purpose is to afford protection to the settlers of the mining 
regions. Since that time the Indians have been crowded farther into 
the mountains, and Camp Brown, 50 miles north, acts as a protector 
against hostile invasions. The altitude of Stambaugh is about 8,300 
feet above sea-level, an elevation that not unfrequently results in injury 
of health to those stationed there. 

June 13, the party reached the post, having travelled from the Dry 
Sandy to Little Sandy, thence to the mouth of the former creek. From 
there they crossed over to Pacific Creek, which was followed upward 
until beyond South Pass City. Leaving camp early on the 13th, one of 
the party killed the first deer of the season. Stambaugh was reached 
during the forenoon. By permission of the commanding officer, we were 
enabled to make camp within the military reservation, near the post 
Mail and other acceptable representatives of civilization were obtained, 
and during the day preparations were made to leave the post on the 14th. 
Obtaining all the information we could about routes and water, the 
course of the next trip was decided upon, and upon leaving, we prom- 
ised our hospitable friends to spend that national holiday, the Fourth of 
July, with them. 


FROM STAMBAUGH TO THE UNION PACIFIC RAILROAD. 


' June 14, we left the post, and after making several stations, reached 
our camp on the Sweetwater River. During the day a very heavy gale 
of wind had been blowing, which in the evening turned into a storm. 
On the first station made, it was impossible to place the instrument on 
the summit of the hill, because neither tripod nor man could stand there. 
The westerly winds are severe and very constant throughout the region 
we had traversed thus far. It seems that the cold air from the moun- 
tains rushes downward with great velocity, and finding nothing to im- 
pede its progress, sweeps across the flat country with surprising violence. 
More than once the wind interfered with our work, rendering the oceu- 
pation of pomts almost an impossibility. As the daily temperature 
decreased in the evening, the wind gradually died out, and did not rise 
again until nine or ten o’clock in the morning. Enormous accumula- 
tions of sand, drifting ito dunes, show that for centuries, if not ages, 
the same conditions have existed in this section of country. <A belt of 
“sand-hills,” about 10 miles wide and 75 miles in length, trends from 
south of west to north of east across our district, proving by its presence 
the long-continued process that located it there. 
Sweetwater Valley, in which we were camped, is at that point narrow, 
confined between steep hills of metamorphic schists. Willow brush and 
some aspen are found near the stream. Crossing over to the south side 
we found ourselves in a series of meadow-like depressions, literally 
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swarming with antelope. At that season of the year the young ones 
were still quite small, and great solicitude was manifested on the part 
of their mothers. Clymer captured one of the little animals alive, after 
a chase of about twomiles. The piteous bleating soon reached the ears 
of an anxious mother, and she came within twenty yards of us, the very 
picture of distress. After having tied a string to the little fellow we set 
_ him free again. 
- Our destination was a high, prominent point, where we proposed 
inaking a station, and at the base of which we hoped to find water. <A 
steep ride over sandstones and some oolitic beds brought us to the sum- 
mit. So far as we could see from there, no flowing water existed within a 
radius of many miles. In the distance several lakes appeared, but even 
with the aid of our field-glasses we could not determine whether the 
appearance was not the result of mirage. Far below us the pack-train 
slowly plodded along on an old road leading southward. Essex Moun- 
tain was too far off to be reached that day, and the prospect of obtain- 
ing water was by no means promising. Having completed our station, 
we led the animals down a steep slope, over very much disintegrated 
sandstones and marls. Sinking into the loose material deeply at every 
step, the downward trip was fatiguing both to man and beast. Tracks 
of antelope became scarcer as we receded from the Sweetwater, a feature 
that did not tend to encourage our hope for water. About sundown 
we found camp, located several hundred feet above the valley on the 
slope of a ridge. Here a small spring was found, which, by artificial . 
enlargement, furnished a sufficient supply of water. Wood was obtained 
from some groves of quaking asp, and we felt thankful for so comfort- 
able a camp. One objection to it existed, however, in the abundance of 
woodticks. Crawling in under the clothes these animals firmly fasten 
themselves in the skin, producing most disagreeable sensations, and 
sometimes causing small wounds that are slow to heal. 
Our course still lay southward. During the day following we made 
several stations, travelling in the direction of the groups of basaltic hills 
mentioned in previous pages. We rode over sterile country all day 
long, nothing occurring to relieve the monotony save the appearance 
of some antelopes. Numerous small, gray birds (sage-sparrow) en- 
joyed themselves in the sage-brush, probably deriving the water neces- 
sary for their sustenance from the copious dew. In watching them we 
observed that frequently they would fly up directly in front of the mule, 
as if suddenly surprised, and in danger of being trodden upon. We 
found, however, that they quietly slipped out of their nests at our ap- 
proach, ran swiftly along the ground, dodging behind brush and grass, 
and did not attempt to fly until observation directed upon them could 

no longer reveal their habitations. This same sense of deception, due to 
the instinct of self-protection, we noticed in many other birds of similar 
regions. ; 

Having followed the trail of the pack-train until nearly dusk, we found 
that it suddenly turned in the direction of Mount Essex, which had been 
passed during the day. After a tedious ride of five or six miles through 
Joose sand, we found ourselves once more at our old camp at the base of 
the mountain. The lake which we had seen two weeks ago had lost at 
least 8 inches by evaporation, and the spring was no longer as large — 
as it had been. 

On the day following, June 17, we continued our march southward. 
Ahead of us were several basaltic hills, and we hoped to find both 
water and grass there. <A ride of 16 miles along the old wagon-road 
which we had been following brought us to the north base of a long, 
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narrow basaltic ridge. A small alkaline spring and good grass were 
found there. Although the march had been a short one, it was fraught 
with fatigue, having led in greatpart through deep sand. In among the . 
rocks we found a beautiful spring of clear, cold water. That this resort 
was well known to the game of that region we had ample opportunity to 
observe. Theslope of the ridge was covered with ascattering growth of 
quaking asp, and from several small groves we “jumped” black-tail deer 
(Cariacus macrotis). As will be seen from the geological report following, 
this region was one of considerable interest (Stations 25 and 26). Here 
the basaltic lava has found its way through Tertiary strata and, flowing 
over a considerable area, has indicated its points of ejection by crater- 
like cones. Protecting in part the softer sedimentary strata, the basalts 
have at some places been undermined, and falling down, have given 
rise to the formation of vertical rock faces. 

Our course during the next day lay through narrow cafions and across 
steep, Tertiary bluffs. The character of the rocks there and the small 
amount of precipitated moisture, rendered it highly improbable that we 
should find water. In the course of our ride we struck the old road which 
has been designated as Evans’s route, and followed it. Eventually this led 
us to a small creek, which still contained stagnant pools of water. Fear- 
ing to risk any further chances we made camp. As we approached 

toward the south the character of the country became more and more 
‘that of a desert. Green vegetation disappeared altogether, crowded out 
by sage-brush and cactus. 

Next morning we started early and made a number of stations, while 
‘the pack-train continued along the old wagon-road. After crossing 
. Several ridges we saw before us an apparently boundless plain, perfectly 
level and absolutely unbroken. No chance appeared for the finding of 
either water or grass, and we determined to march toward the railroad 
.as rapidly as possible. Accordingly our course was changed. We soon. 
-reached.a pertectly flat basin, one which had probably formerly contained 
.alake. At its northern end the color of the bare soil was a dazzling 
white, reflecting the hot rays of the sun. Gradually this changed into 
pink, and eventually into a bright red. Hour after hour we rode over 

the bare, compact ground, no change in scenery or character of the soil 
‘taking place. To the southward was a prominent butte, Eagle Kock, 
.and about 6 miles beyond that stretched a long row of regular blufis. 
Ascending the butte in question at five o’clock in the evening, we saw 
before us the narrow line of the Union Pacific track. About 4 to 5 
miles distant was the building of Red Desert Station. As an illustra- 
tion of the remarkable purity of the atmosphere it may here be men- 
tioned that at this considerable distance we were able to count the num- 
‘ber of windows in the building without the aid of field-glasses. <A ride 
‘ through sage-brush and some grass, made more agreeable by the prospect 
-of no “dry camp,” brought us to the station. Thanks to the courtesy 
of the agent, we were enabled to use the water there obtained by means 
.of an artesian well. After having marched for more than 40 miles in a 
burning sun, over dry and dusty country, the muies fairly fought for the 
water that was dealt out to them in tubs. The entire region north of 
‘this portion of the railroad is very dry, water only being found at rare 
-seasons in small pools or temporary runs. Absence of game, and cven 
-of the smaller, burrowing animals, proves the extraordinary sterility of 
the region. Hed Desert, the name which has here been applied, is well 
» chosen, for few spots so thoroughly realize the conception of a desert as 
.this. All the information we could obtain regarding this locality con- 
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firmed our own opinions as to its character, and we determined to follow 
the railroad for a short distance before striking northward again. 

~~ On June 20 we left Red Desert and marched eastward to Wash-a-kie 
Station. An addition was here made to our party by the acquisition of 
a dog. Though an unimportant member in himself, he subsequently 
showed such remarkable endurance in travelling and mountain climbing 
that he is well worthy of being mentioned. 


FROM THE UNION PACIFIC RAILROAD TO CAMP STAMBAUGH. 


Wash-a-kie Station is named after the venerable head chief of the 
Shoshone Indians, who has always proved himself to be a staunch friend 
of the white man. Past this station leads the trail utilized by the North- 
ern Colorado Utes in making their annual visits to their friends and 
allies, the Snakes. On June 21 we started upon this trail, travelling north- 
ward. Itled over several ridges until finally one main ridge was reached. 
While the pack-train had disappeared from my sight, at a time that I was 
about 3 miles east of it, I had occasion to observe a very striking mirage 
effect. Where the train was at that time I did not know, having left it 
a couple of hours before. Looking westward I saw the procession of 
riders and pack-mules slowly filing along the summit of a high ridge 
which gently sloped to the west. Wishing to satisfy myself as to the 
truth of this appearance, I used my field-glass. Although the distance 
at which the party appeared to be was about 3 miles from my point of 
view, I could distinctly recognize each man. The forms seemed slightly 
distorted, but not more so than might be expected at that distance on a 
hot day. Finishing my examinations where I was, I, several hours later, 
proceeded to find the trail and follow it. No trail was to be seen on the 
ridge. Not until I had descended on its western slope about 800 feet 
and ridden more than a mile, did I find the trail at a place where it would 
have been utterly impossible for me to see the men and animals some 
hours before. ; 

On our march along the trail we passed a number of alkali-flats. Dur- 
ing the wet season these are filled to a shallow depth with bad-tasting 
water, but at the time we passed them they were perfectly dry and hard. 
From a distance they may easily be mistaken for water. The hot air 
ascending from them produces a reflection of light, which, in turn, raises 
the level of the bed, so that, apparently, grass and other plants ean be 
seen as if growing above the water-level. This particular feature adds 
very much to the deception of a mirage. Along the trail we found the 
remains of lodge-poles, and at several places, where there had been 
water early in the spring, were remnants of old camps. Ascending a 
high divide, we saw, about 8 miles from us, a large sheet of water. So 
far as we could determine, the trail headed directly toward it. So often, 
however, had we been deceived that we scarcely hoped to find our ex- 
pectations realized. About sundown we obtained a near view, however, 
and saw a large lake, just beyond a belt of sand-hills. Upon reaching 
it we found that Indians had camped there only a short time previous, 
and we occupied the spot which they had abandoned. Antelopes and 
wild water-fowl were very plentiful near the muddy-leoking water. 
Although it contained a considerable amount of alkali, and had to be 
cooled before being fit to drink, citric acid rendered it quite palatable. 

For two days we remained encamped at this lake, making excursions 
from there for the purposes of topographical and geological work. We 
found that instead of a divide between the waters of the Atlantic and 
Pacific Oceans, there was here a large tract of neutral ground. Tem- 
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porary creeks and streams all emptied into “sinks.” At times these 
sinks contained water, as the lake we were camped on—Trail Lake—but 
mostly they were perfectly dry. This feature is one of great interest, — 
and will be discussed more fully in the geological report. 

Upon examining the surrounding country, we saw that for‘some time 
at least we might obtain water from various such lakes scattered through 
it.. On June 24 we broke camp, and, proceeding in a northwesterly 
direction, reached another body of water about 12 miles distant from 
the first. On the route we noticed the continuation of the sand-masses 
which we had first observed near Mount Essex. The character of the 
country was that of a barren, sterile plain. Sage-brush, cactus, and 
very scanty grass comprised the entire vegetation. For several weeks 
we had no fire except that furnished by sage. Huge bushes, sometimes 
more than a foot in thickness, were met with. They afiord a very hot 
but short fire, and not unfrequently impart a bitter taste te whatever is 
cooked by their aid. 

Next morning we moved in a northeasterly direction into a long val- 
ley, where a number of small lakes were found. Antelopes became very 
abundant, having begun to run in small bands. On that day we found 
the first tracks of buffalo. Coyotes, lingering around and rapidly dis- 
appearing upon our approach, gave evidence of the presence of large 
quantities of game. Wild geese (Branta Canadensis) and ducks (Fuligula 
sp.) were found in the lakes, but proved to be poor marks for rifle-bullets. 
Mosquitoes seemed to revive from their winter’s sleep, and wood-ticks 
every now and then made themselves felt. 

To the northeast were a number of high, prominent bluffs, which we 
desired to visit. Accordingly camp was broken on the 26th of June and 
moved up the valley. We found a small spring containing good water, 
and an ample supply of grass in its vicinity. Butffalo-chips served as 
fuel. Ascending a plateau-like ridge, we rode along this to reach the | 
points which we intended to utilize as stations. Numerous bands of 
antelope were met with. They would first quietly study our appearance, 
and then scamper off over the blufis. Sandstones and shales, belonging 
to the Tertiary formation, composed the hills, and by their ready disin- 
tegration rendered the isolated points easy of access. On that day we 
found the trail of our main triangulation party, which had passed there 
more than a week before. Looking northward from our elevated points 
we could see the granitic hills of the Lower Sweetwater, the distant 
Wind River Mountains, and, as a dim, cloud-like form, the mountains of 
the Bighorn Range. On the south side the white alkali flats, some of 
them containing water, were very prominent, and beyond them stretched 
the long belt of yellow sand. Monotonous repetitions of parallel blufis 
produced the impression of uninterrupted plains, and offered little that 
was inviting. 

Leaving our camp on the spring on June 28, we rode in a north- 
westerly direction, expecting to camp within some granitic hills south 
of the Sweetwater. A small band of stray cattle, which at first our 
imagination transformed into buffalo, indicated the vicinity of white 
maw’s habitation. We found, upon reaching the granitic area, that this 
was a continuation of the metamorphics observed southwest of Camp 
Stambaugh. ‘As farther down on the river, so here the granitic hills 
exhibit striking characteristics. They are very rugged, hard to climb, 
and almost entirely devoid of vegetation. A few scattering pines man- 
age to. subsist on the east side in crevices among the rocks. Water was 
plentiful, occurring in small running streams. 

Early on June 29, just as the mules were being packed, we were sur- 
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prised by a short snow-storm. This was followed by a most violent gale 
of wind, which lasted nearly all day. The cold air, sweeping down from 
the neighboring mountains, condensed the suspended moisture of the 
_ atmosphere until this was exhausted or carried farther by the force of 
the wind. After a disagreeable ride, almost blinded by sand, we found 
shelter in a narrow canon of Carboniferous limestone. During the entire 
day it was impossible to set up the instrument. We found the region 
sufficiently well watered, and had within a day left Tertiary formations 
for some of the oldest of the region. We found a number of small cations 
in these limestones, caused probably by seismic action rather than by 
erosion. While the pack-train descended this creek, upon which we were 
camped, to its junction with a direct tributary of the Sweetwater, we 
rodenorthward. Passing first over massive hills of Carboniferous strata, 
we soon reached the late Tertiary deposits composing the Sweetwater 
group. Antelopes were very abundant along our route, occurring in 
bands of several hundreds. Shortly after noon we reached the river. 
Its southern bank was swampy, and the river-bottom contained much 
quicksand. Following it downward, everywhere surrounded by tracks 
of buffalo, we reached a tributary from the south. This we ascended, 
and finally found camp. Very little or no timber is to be noticed on this 
portion of the river, willow-brush, sage, and grass comprising the 
most prominent part of the vegetation. The fall of its tributaries here 
is but slight, and their water, in consequence,.is muddy and alkaline. 
Easy decomposition of the surrounding strata furnishes a never-failing 
supply of the various salis, and often the solution is little less than a 
saturated one. $ 
July 1 dawned frosty and very cold. Even overcoats could not afford 
sufficient protection against the low temperature and driving wind. 
After doing some work northeast of camp, we rode on to the Sweetwater, 
where camp had been made. Driftwood furnished the material for fire, 
and proved to be a pleasant variation from sage. On the north side of 
the river we found the old emigrant-road, which thirty-five years ago 
was a favorite route for overland travel. We had then fairly entered 
the region which in 1842 was traversed by Frémont’s small party. Fol- 
lowing this road up stream we met with many indications of travel done 
during an “ early day.” Saint Mary’s Station, a well-known landmark on 
the river, is situated about eight miles above our camp of July 1. Noth- 
ing but ruined walls remain to indicate the spot which at one time was 
the scene of active life. Indians and the railroad have produced isola- 
tion of this region, which once bid fair to have a prosperous future. A 
few miles above Saint Mary’s, the road leaves the river, winding up- 
ward among steep, rocky bluffs. Looking down toward the river we 
there found it enclosed by steep cafon-walls. Rising at a very high 
angle from the bed of the Sweetwater, metamorphic, and in part sedi- 
mentary, rocks form an impassable cafon. The walls are about 600 feet 
high. Scattering spruce trees and small groves of quaking asp find suffi- 
cient soil there to thrive in crevices and on the small talus near the base. 
In the bottom of the caiion the river rushes along over numerous bowl- 
ders that have fallen from above, forming a succession of foaming rapids. 
Above the entrance of this narrow chasm it once more runs smoothly, 
almost lazily, through its channel fringed with willow brush. Isolated 
cottonwood trees and some quaking asps impart a very pleasing aspect 
to the valley, as seen from above. 
Following the wagon-road, we found ourselves again within the meta- 
morphic area, crossing a number of small creeks which flowed into the 
Sweetwater. Numerous antelopes and large flocks of sage-hens (Centro- 
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cercus urophasianus) enlivened the route and furnished fresh meat for 
our larder. On Strawberry Creek, a small stream that is well known to 
gulch-miners of that region, we made camp. <A ride of about 10 miles » 
more brought me into Camp Stambaugh, where I received a large mail 
and despatched one of respectable proportions. July 3, we marched 
into the post, and once more encamped near our hospitable friends. At 
that time the post presented a lively appearance, due to the passage of 
many emigrants bound for Wind River Valley or the Bighorn Mountains. 
Mounted on horses, mules, and donkeys, or packed into wagons, men, wo- 
men and children travelled cheerfully forward to meet a fate which, © 
whether good or bad, the future must decide. The wonderful elasticity 
of the western pioneer, and miner, the indomitable energy, and the desire 
for new, unoccupied fields of labor are qualities that render the nation 
deeply indebted to them. Though many may perish on their way to- 
ward opening a new district to civilization, others follow in their wake, 
and, eventually, savage as well as natural obstacles must yield to the 
will and energy of the white man. Individually, often worthless, these 
pioneers, as a class, fulfil their mission, indifferent whether their reward 
be riches obtained by a lucky “find,” or the scalping-knife. 

July 4 was spent in reprovisioning our party, and, appropriate to the 
day, we undertook to resight our rifles. While doing this we kept up a 
cannonade that would have done credit to the most patriotic party. 
During the day I visited a number of mines in the vicinity. After an 
evening pleasantly spent in the company of the post officers, and writing 
a few letters by the camp-fire, we turned in, to commence on the morrow 
the exploration of a region that promised tv us less hardships and 
greater reward in the discovery of new and interesting features. 


FROM CAMP STAMBAUGH TO CAMP BROWN. 


Accompanied by Lieutenant Cole, of Stambaugh, we set out on July 

5 on the road toward Camp Brown. Two miles from Stambaugh we 
passed through Miner’s Delight, a small settlement dating back to the 
time of the Sweetwater mining excitement. But little work is being 
done there now, although the ground shows that at one time many hands 
were busy in extracting gold from the gravel. Beyond Miner’s Delight 
the descent into the valleys of Wind River drainage becomes very rapid. 
By following the stage-road to Camp Brown we pass through Red Caion. 
This is cut deeply down into the red Triassic sandstones and shales. On 
the right-hand side we see a steep wall of the bright-colored material, 
while the valley exhibits the beautiful color of rich verdure. Several 
small farms have been located there, and furnish good results to their 
owners. ‘To the left the Wind River Mountains rise 7,000 feet above the 
valley. From the latter the main peaks are not visible; only the higher — 
foot-hills can be seen. Descending rapidly we reach the crossing of the 
Little Popo-Agie River. Looking up stream we perceive a very fine 
narrow caiion through which the stream rushes with great violence. 
Vertical walls of Carboniferous limestones rise abruptly from the river 
~bottom, forming a narrow, irregular fissure. In passing from the Sweet- 
. water to Wind River drainage a radical change of the scenery is notice- 
able. The lowest foot-hills are formed by old sedimentary strata, sloping 
down steeply toward the valleys. Cafions are cut through the strata, 
and from them the streams emerge into broad, fertile valleys. On the 
Little Popo-Agie we found several farms. One of them belongs to Stam- 
baugh, and a few men employed there are able to cultivate a quantity of 
land which yields ample results. Mr. Faris has been farming at the 
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same locality for a number of years. Several times straying parties of 
Sioux have interfered with his progress, but he has always escaped un- 
injured. Both the soil and the climate are advantageous to agricultural 
“pursuits. Wecamped near Faris’s ranch, and had the enjoyment of enter- 
taining innumerable mosquitoes. After leaving comparatively high alti- 
tudes, the temperature of a region about 3,000 feet lower became very 
oppressive. On the day following Lieutenant Cole left us to pro- 
ceed to Camp Brown, and we marched in a southeasterly direction, to 
reach Sheep Mountain. On the way Clymer was attacked violently by 
mountain fever, the result of changes of elevation and atmospheric con- 
ditions. Sheep Mountain is a high, comparatively isolated hill, composed. 
of quartzitic material. Timber and water are abundant there, but are 
rendered less enjoyable by the presence of innumerable horse-flies, cattle- 
flies, and mosquitoes. Game appears to be abundant, and rattlesnakes 
may very often be met with. Camps made in that vicinity were pleasant 
with the exception of the insects. On the 8th, our patient was able to 
travel to Camp Brown by stage, where he received medical aid and the 
courteous attention of the officers. On that morning seven of our mules 
strayed off. Owing to the hard soil, and to the fact that a great deal of 
cattle was scattered over the country, it became almost impossible to 
track them. On July 10 I rode to Camp Brown, having examined the 
regions of the Little Popo-Agie. That same morning the lost mules 
reached Stambaugh, where they were recovered again. Two days later 
camp was moved to the mouth of Twin Creek. This is located about 4 
mniles below Faris’s ranch. At that point the valley of the stream widens 
considerably, affording excellent grazing for stock. After that it narrows 
‘somewhat and is covered with brush. On the northern slope of a steep 
bluff at that locality we found what the inhabitants call “the tar-spring.” 
This consists in a spring of petroleum, which slowly oozes out of the 
rocks. During the hot season it liquefies and flows down stream for sev- 
eral hundred yards. Judging from the thickness of the oil-deposit the 
flow of this spring must date back for a, great many years. The sur- 
rounding country is very much broken in that region, cut into narrow 
ridges, and deep, waterless caiions. ‘Triassic sandstones, violently dis- 
turbed from their original places of deposition, comprise the blufis. 
Leaving the Little Popo-Agie the road leads in a serpentine course to 
the settlements on the Big Popo-Agie. An old trail cuts off about 4 
miles, and passes through a pleasant country. A stream (Willow Creek) 
is crossed about half way to the town of Landers. This settlement is 
located near the Big Popo-Agie, a swift stream of considerable size 
issuing from the mountains into a broad valley. Many farms are culti- 
vated there and yield good crops. So long as no Indian raids oceur, 
the settlements will probably flourish. The increasing number of settlers 
daily lessens the danger incident upon invasions, and it may be hoped 
that they will permanently escape danger from that source. 

On July 13, camp was made on the North Fork of Popo-Agie. There, 
for the first time, we met an Indian camp. For a small amount of su- 
gar some very fine trout were obtained from them. From the crossings 
of the stage-road these streams flow in broad valleys until they join the 
Little Wind River. On the day following, the party marched over a 
rather monotonous section of country into Camp Brown, where I rejoined 
it. Capt. J. Mix, the commanding officer, extended all aid in his power 
to us, and afforded us material assistance. 

“Old Camp Brown” was established June 28, 1869, as Camp Augur, 
where now Landers City is, but later was moved 15 miles farther north. 
The post is named after Capt. Frederick Brown, of the Eighteenth in- 
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fantry, who was killed by Indians at Fort Phil Kearney December 21, 
1866. At present the post is situated on the Little Wind River. Its 
location is a very beautiful one, on the banks of a swift, wide stream, 
densely timbered with cottonwood and willows. The puildings of the 
post are rather cramped, but at the time of our visit improvements were 
being made under the direction of the commanding officer, which will, 
in a measure, relieve the inconvenience incident upon its original con- 
struction. With reference to the Indians, the location of the post is 
well chosen, furnishing a good key-point to any movements that may be 
made against the settlements and mining districts. Telegraphic com- 
munication has been established with the railroad as far as Stambaugh, 
and from there a messenger can soon reach the more northerly post. 

In the vicinity of Brown are two features which have for a long 
time attracted the attention of travelers. One of these is the “ hot 
spring,” and the other is a petroleum spring similar to that on the Little 
Popo “Agie. Upon occasions of state the spring is set on fire and illu- 
minates the entire region. For invalids, particularly rheumatics, the 
hot spring is a desirable resort. It is located about 2 miles west of the — 
post, and shows a temperature of about 108° F. Accommodations have 
been prepared for the bathing of invalids and others. The water is 
mineralized and, owing to its high temperature, exhibits very beneficial 
results. In the’ geological report a more detailed account of the vari- 
ous features of this spring will be found. 

Within a few miles of the post the Shoshone Indian agency is estab- 
lished. At the time of our visit but few of them were there, nearly all 
being off on hunting expeditions. Wherever we met Indians belonging 
to this tribe, we were on very good terms with them. They are thor- 
oughly characteristic in their dress and habits, and favorably compare 
with their nearest allies, the Utes. 

From Camp Brown a fine view of the Wind River Mountains presents 
itself. The foot-hills shut out a large portion of the picture, but enough 
remains to show the beauty of the range. In the distance the outlines 
of the Bighorn Mountains can easily be distinguished. Some very prom- 
inent forms are visible there, appearing to the wandering miner and 
prospector as the legible writing showing to him the promised land. 


FROM CAMP BROWN TO CAMP STAMBAUGH. 


On July 15 we left Camp Brown and marched westward toward the 
mountains. It was our intention to return to Stambaugh, traveling 
along the eastern slope of the range. From what we had "heretofore 
seen, we came to the conclusion that the highest peaks could not be 
ascended except from the west slope. This we found to be the case. 
We had been warned that mosquitoes and horseflies would greatly 
trouble us in the mountains, and we soon learned that the descriptions 
given fell far short of the reality. 

The Wind River Range may here be appropriately divided into three 
distinct chains. The highest one, sloping directly westward, is inaec- 
cessible from the east. Then follows a chain of high foot-hills, reaching 
above timber-line at some points, falling off steeply toward the east. 
Beyond this, forming a transition into the low country of the Wind River 
drainage, is a long row of hog-baek-shaped hills of large proportions. 
These are composed of the older sedimentary rocks, and rapidly slope 
down into the valleys. Streams cut through them, forming steep, some- - 
times impassable, cations. 

Upon starting out from Brown we followed an old wood-road up to 
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the summit of one of these hills, making a station very near the northern 

limit of our district. From here we obtained a good view of the mount- 

ains. Before us lay a perfect wilderness of bare rocks on the summits 

and slopes of ridges which lead up toward the highest points of the feot- 
hills. Numerous small lakes and foaming mountain-torrents, with very 

picturesque cascades, kept up an incessant roar. Wherever soil had 
formed, dark spruce and fir timber densely covered the ground, fringed, 
lower down, by the lighter colored aspen. After the desert-like country 
we had traveled through, this region appeared like a small paradise, and 
the prospect of wood and water permitted us readily to forget the annoy- 
ances that awaited us in the shape of mosquitoes and horse-flies. De- 
scending on a steep grassy slope into the depression between the outer 
hills and the base of the foot-hills, we made camp in a very pretty grove 
of pines and quaking asp. A deer, too curious for its own welfare, was 
arrested in its earthly career while inspecting our camp. The cool 
mountain air brought us refreshing sleep in spite of the numberless 
mosquitoes that kept up a monotonous concert during nearly the entire 
night. 

On the day following we traveled parallel to the range, in a south- 
easterly direction. Stations were made on the outlying hills, and camp 
was moved up higher into the mountains. Instead of sinking into sand, 
as we had done a few weeks before, our animals were now obliged to 
plod through swamps. Nearly frantic from the bites of hundreds of 
horse-flies, they dashed their heads and bodies into small trees or branches 
of larger ones utterly regardless of rider or pack. During the day we 
erossed several small streams, tributaries of the North Fork of the Big 
Popo Agie. On some of the streams we found very beautiful “ parks” 
eontaining some game. Most of the latter had sought shelter elsewhere 
to escape from the flies.. Within the dense timber they were less trouble- 
some, but near any body of water they came in thick swarms. We were 
obliged to keep our camp entirely enveloped in smoke, but we soon 
found that even this method did not afford protection. Apparently the 
mosquitoes enjoyed the warmth and took advantage of it. By evening 
the animals became so nervous from the constant vexation that often the 

‘snapping of a twig would start them ona small stampede. Rubbing 
their breasts and necks with grease seemed to be the best remedy 
against the severe attacks from these insects. A weak solution of car- 
bolic acid was found to answer very well until evaporated. 

On July 17 we started early to march higher up into the mountains. 
We had been informed that it was impossible to cross the Nerth Fork 
within the mountains, but we proposed to make the attempt. A ride 
along a dim Indian trail led us through a very pretty “park.” Gradu- 
ally rising, it stretched along a clear mountain brook for 5 or 6 miles. 
On either side of the open space was dense pine and spruce timber. 
About ten o’elock we reached the summit of the ridge beyond which the 
North Fork rushed through its cafion. A most discouraging sight pre- 
sented itself to. our view. Very steeply inclining, the slope led down 
to the stream. Rocks, “down timber,” and marshy places covered the 
slope. Vertical walls of, sometimes, 50 feet in height threatened seri- 
ous consequences to any animal that might slip on the treacherous 
ground. Below, the stream rushed along, forming a continuous series 
of rapids. On its other side a slope led upward the exact counter- 
part of the one we would have to descend before reaching the river. 
After selecting the best route we led our mules down, winding in and 
out of rocks, jumping logs, getting mired in swamps, and having hard 
work of it generally. In due time, however, we reached the bottom of the 
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cation and found that all the animals had escaped without damage. 
Owing to the treacherous character of the bank, it became a matter of 
some difficulty to find a ford. Eventually we determined upon crossing 
in an eddy. At that place uhe water was deep enough for the smaller 
mules to swim, but the current was not very swift. All reached the op- | 
posite side in safety. The ascent was more difficult than the descent. 
It was necessary to move logs, cut away brush-wood and form a kind of 
road over the large masses of broken rock-bowlders. At some places 
the grade was very steep, so that the mules could only overcome it by.a 
run, after which they stood still abovethe first surmounted obstacle, pant- 
iag, and blocking the way for the next comer. After a couple of hours 
-of climbing we reached the top of the ridge. Here we found that a sort 
-of table was formed, from which, some distance beyond, the higher 
ridges rose. A lake of considerable size gave a very pretiy character 
‘to the view before us, and numerous fresh deer and elk tracks showed. 
that game appreciated this locality. We encamped near the lake dur- 
ing a driving rain-storm which had thoroughly soaked us before we had 
a chance to get dry. 

. Camp remained stationary the next day, while we examined the high © 
ridges on either side of us. Ascending the steep rocky slope to the west — 
of the lake we reached: timber-line after a climb of about 1,000 feet. 
Above that we found an abundance of snow. From the summit here 
‘we obtained a remarkably fine view of the main chain of the Wind 
River Range. With, one exception—the Quartzite Mountains in Colo- 
xado—I have never seen so rugged and precipitous a mass of mountains in 
America. Enormous vertical faces fronted to the east absolutely cutting 
off any approach from that side. Immense fields of snow still remained 
in the deep recesses scarcely ever touched by the rays of the sun. Ava- 
Janches of snow and rocks had rushed down from the steep slopes for 
several thousand feet, carrying before them the timber. Now they lay 
in masses piled up in chaotic confusion. Fissures which had rent the 
rocks extending, for hundreds of feet and filled with glistening snow, 
‘presented a weird, wild scene. Save the rushing of torrents leaping 
over the rocks no sound there broke the stillness. A small band of 
mountain sheep making their appearance on the crest of the ridge reminded 
"us of camp, and one of them soon lay bleeding on the snow. Returning 
again to camp, the evening was spent in vainly trying to escape the 
mosquitoes. ; 

. July19 we descended the ridge south of us, and, after a march of about 
18 miles, encamped on the Big Popo Agie. In the valley of this river 
We crossed a wagon-road leading from the timber districts down to the 
‘settlements of Landers. Near our camp we found the stream flowing in 
a ‘series of rapids over huge bowlders within a narrow cafion. A few 
‘hours’ fishing in some small pools, caused by a partial damming of the 
water, furnished us with a good mess of trout. From that point upward 
the Popo Agie has the character of a mountain torrent. Its very con- 
siderable fall and the character of its beds produce this. About a mile 
and a half below our camp the stream suddenly sinks, remaining entirely 
hidden from sight beneath large rocks for some distance. Upon emerg- 
ing it soon attains the same size as at the place of disappearance. Prob- 
ably a subsidence of some subterranean cave and the subsequent filling 
in of loose rocks have produced this effect. Early the next morning we 
crossed the river near an abandoned log-cabin, and made some stations 
on the outlying sedimentary hills. We had now reached the lower 
country again, but determined to go higher up into the mountains once 
more,.so as to finish our work in the southern end of the range. 'Travel- 


ENDLICH.] ITINERARY. 19 


ing through several very pretty, well-watered valleys, we finally took to 
a ridge leading up to the highest points of the foot-hills or second chain. 
Large timber densely covered the summit and slopes, but progress was 
‘made easy by the absence of undergrowth and loose bowlders. As we 
4 _ approached timber-line, however, this changed, Angular fragments of 
rocks covered the ground, and the timber, obtaining but a poor hold in 
_ the small patches of soil occurring there, had succumbed to storms, and 
' now lay piled up in every direction. Riding became impossible at some 
_ places, and as it was getting late in the day we encamped at timber-line, 
about 10, 800 feet above sea-level. Even here we could not remain unmo- 
lested by mosquitoes, but had to “build smokes” to keep them off. Before 
dark we made a station on a peak about 800 feet above timber-line. I'rom 
there we saw that we were near the southern end of the range, and 
obtained an extensive view into the low country southwest of us. We 
noticed large numbers of the little “mountain-rat” (Lagomys princeps) 
or marmot. Their shrill piping note, not unlike the chirp of a squirrel, 
was heard all over the hill, and the graceful little animals came out of 
their rocky homes to look at us with mingled surprise and curiosity. A 
very cold night, with. ice in the water by morning, recalled to us the 
amenities of lower elevations. On the following day we traveled toward 
the southeast, passed over a high dividing ridge, and found ourselves on 
the drainage of Sweetwater River. We had thus crossed the southern 
end of therange, and found ourselves within 20 miles of Camp Stambaugh. 
July 22 we started early, and traveling through a very pretty series 
of valleys and across low ridges, we reached the stage-road near Atlantic 
City. Scattering timber in the gulches and a few pines along the ridges 
give the region a very pleasing appearance. Hay is cut in some of the 
meadows, which is furnished to settlers and to the military posts. By 
afternoon we reached Stambaugh, where we found Clymer fully recov- 
ered from his attack of fever, ‘thanks to the kind attentions he had 
received at the hands of the officers and to his good constitution. 
Although we had been absent but a short time on our last trip, the 
large number of incidents that had been crowded into each day made 
the time since our last departure from the post appear very much longer. 
Having arranged whatever would occupy our time during the same day, 
we were prepared to leave the post on the next morning, once more 
having the number of our party complete. ‘ 


FROM CAMP STAMBAUGH TO SNOW PEAK AND RETURN. 


July 23 we left Camp Stambaugh, intending to survey the western 
slope of the Wind River Mountains. Marching along the stage-road, 
we passed through Atlantic and South Pass cities, camping a few miles 
west, of the latter. On the day following we traveled up one of the 
tributaries of the Sweetwater, through a heavily-timbered region. 
Willow grouse (Lagopus leucurus) were quite plentiful, and our stock of 
provisions was enlarged by the acquisition of a black-tail deer. We 
made camp near the base of the highest peak, at the southern end of 
the range. To our sincere satisfaction we found the mosquitoes and 
flies less troublesome on this side of the mountains, owing, probably, to 
the fact that they were here more exposed to wind. A very pretty 
little valley contained a portion of the Sweetwater, which rises higher 
up in the mountains. Rich grass and comparative freedom from molest- 
ing insects were of good service to our animals. Within a small grove 
of slender pines we had pitched our tents, enjoying the comfort of a 
good. camp. Remnants of a brush-hut and bones of deer, mountain- 
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sheep, and other game indicated an old camp of hunters who had evi- 
dently met with good success. 

On July 25 we started at sunrise to climb the high peak before us. 
A ride of about 8 miles led us, gradually ascending, to its mmediate 
base. The timber covering the ridge we rode along on was spruce, of 
singularly regular growth and free from under brush and fallen trees, 
AS we approached timber-line, however, the remnants of former glaciers 
and the accumulation of avalanchial drift rather impeded our progress. 
Huge bowlders were piled on top of one another, forming, at times, 
dams behind which small lakes had collected. Near timber-line we 
came across a band of mountain-sheep (Ovis montana) numbering over 
100. Old rams, ewes, and lambs were all represented. Upon our ap- 
proach they scampered off in a great hurry, but not before some had 
been secured. Tying our mules securely to some dwarf pines (Pinus 
contorta) growing at the extreme limit of timber we proceeded to ascend 
the rocky slope on foot.. Here again we met with a small band of sheep. 
Frémont, in his report, frequently alludes to the large numbers he saw 
in this range during his visit 35 years ago. He mentions them either 
as “sheep” or “ goats.” The Rocky Mountain goat (Aploceras montanus) 
is a totally difierent animal, occurring farther northwest. We found 
that the sheep at this season of the year had not yet shed their winter 
coats. Frequently the report that these sheep were covered with ‘‘ wool” 
has been regarded as one evolved entirely from the hunter’s own con- 
sciousness. Upon this occasion we found that the wool which they had 
_ certainly carried during the winter was just shedding. A growth of 
stiff hair, about three-quarters of an inch in length, was nearest to the 
skin, and upon this we saw a layer of fine, light-gray wool, about half 
an inch in thickness. It was at the time gradually being pushed off. 
On, some portions of the body the single hairs of wool could be directly 
traced to the skin, not having as yet severed their connection. We 
found this not only on a single specimen, but on all that were killed. 
So far as we could determine, upon the rather hurried glimpse we had 
of the entire band, all its members were in the same condition as regards 
covering. 

Climbing over rocks and isolated patches of snow, we finally reached 
the summit of the peak. By barometric measurement it was found to 
be .12,700 feet high. By some of the settlers and on some maps this 
mountain is designated as Frémont’s Peak. Inasmuch as this latter is 
over 40:miles farther north, however, the name cannot stand. Appro- 
priate to its location and the pleasant remembrances we carried with us 
trom the neighboring post, we named this mountain Stambaugh Peak. 

July 26 we broke camp, and, after crossing the Sweetwater, ascended 
a high ridge. Here we found very fine timber, with grassy soil under 
foot. Before us lay the massive form of a mountain that has received 
the name of Snow Peak. While riding along in the forest we met our 
first band of elk (Hlaphus, Canadensis). One succumbed. to several rifle- 
balls. The horns were still “in velvet” and could not be preserved, but 
the meat was much admired. Advancing toward the downward slope 
of the ridge, we saw beneath us a large lake of remarkable clearness. 
Reflecting the rugged hill-sides surrounding it, the varied coloring pre- 
sented by bare rocks and dark spruce timber allowed but a small space 
to remain for the image of a blue sky, with its white, floating clouds. 
From where we steod it appeared impossible to descend the slope toward. 
the lake, and equally impossible to continue forward. We decided upon 
the former. Clearing away timber and brush, making roads over the 
vast fields of angular rock-fragments, and sliding the mules down over 
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teep, smooth rocks in positu, we reached the lake after several hours of 
hard work. 
_ Looking up along the route which we had just traveled, it seemed in- 
-eredible that any animal larger than a deer could accomplish what our 
mules had done. From below we could see nothing but a mass of steep 
rocks, one apparently piled on top of the other, with a scattering growth 
of timber intervening. Narrow ledges, not visible from below, had been 
the means which made our descent feasible. After a certain distance 
had been traversed, it was no longer a matter of choice whether we 
would go on or not, as areturn by the same way would have been be- 
yond our power. We encamped at the lake, in the shelter of a grove of 
Spruce-trees. Not far from our camp we found that of two fishermen, 
who gained a well-earned livelihood by catching fish in this lake—Bar- 
ret’s Lake—and selling them at the settlements. They had constructed 
a raft, upon which they pushed out into the lake, and then fished in 
deep water with still bait. Two of us accompanied them, and an hour’s 
fishing furnished us with over a hundred pounds of very fine trout, 
weighing from three-quarters to a pound and a half each. It seems 
that this lake is literally crowded with fish, and their rather emaciated 
condition indicated that there might be more than could well be sus- 
tained there. In this connection a fact may be mentioned that, sur- 
prising as it may seem, is fully borne out by numerous observations: In 
the head-drainage of the Sweetwater not a trout can be found, while in 
that of Green River, as well as Wind River, they occur in large quanti- 
ties. Why this should be so is not very apparent. The streams, near 
their headwaters, or rather those of their tributaries, are but a few miles 
apart. They rise in the same lithological formations, and eventually 
they flow through the same. All of the streams under consideration ob- 
tain considerable size while yet within the metamorphic area. In both 
the Green River and Wind River drainage, trout are caught long after 
the streams have left the metamorphics. So far as can be determined 
without detailed examinations, the vegetation on all these streams is 
essentially the same, and no industrial works are extant that might 
adulterate the water of the Sweetwater. Wherever a stream of any size 
presented itself we fished, and, unless falls or large cascades prevented 
the rising of the trout, they were found in all creeks excepting those 
which flow into the Sweetwater. No cause that is apparent to me can 
be assigned for this peculiar distribution. 
_ Mr. Fosher, one of the fishermen, decided to accompany us on the fol- 
lowing day in our ascent of Snow Peak. It appeared to be the highest 
peak of that portion of the range, and we promised ourselves a very 
extensive view from its summit. 

On July 27 we made an early start, expecting a long foot-climb. 
Riding up the narrow caiion of the stream which emptied into Barret’s 
Lake, we gradually approached timber-line. The ground was frozen 
hard, and we rode in safety over swamps. Small lakes, shallow, as a 
tule, were almost entirely frozen over. On either side of the narrow, 
partly-timbered valley, precipitous walls of metamorphic rocks rose up 
to a relative elevation of more than a thousand feet. Exposed rocks on 
the ground: showed very thorough effects of glaciation, and rows of 
erratic bowlders denoted the course of former glaciers. Slowly making 

our way in the valley, which gradually grew narrower as we approached 
the immediate base of the mountain, we encountered large masses of 
snow. Upon it we found the tracks of what must have been a bear of 
very large size. A porcupine (Lrethizon epixanthus), having shed its 
quills, was shot near timber-line. As the snow was comparatively firm 
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we could safely ride over it, although at many places it was over 20 feet j 
deep and would have hopelessly sunk animal and rider had the hard — 
surface-crust broken. Atone place my mule broke through, and had — 
she not been near the edge of the snow-bank it would have required — 


hard work to get her out. As it was, she struggled for a foothold and — 


was gradually dragged to firmer ground by the lariat. Having ridden ~ 
up a very steep, rocky slope, until we reached an elevation of about 
12,500 feet above sea-level, we secured our animals to some rocks on the ~ 
top of the ridge and commenced the ascent of the peak on foot. Paus-— 


: 


ing a moment to survey the ground before us, we found ourselves on a 
sharp ridge falling off steeply toward the northeast. Our position was — 
about west of the peak. Two thousand feet below us were several small — 


lakes, still frozen over, showing a light-green color, which strongly con- 


é 


trasted with the dark shade of surrounding spruce-timber. Before us © 
lay a steep slope, leading from the peak down to these lakes, about 4,000 

feet in length and 1,000 feet wide. This was covered by one field of © 
snow. From what we there saw, we estimated that the thickness of — 


this snow mass must be over 100 feet at some places. In order to make 


the ascent we walked across this steep snow-bank in a line slightly . 


slanting upward. Hard and crisp as it was, the foot had to be firmly 


set down so as to retain its hold. Once in a while one of the party would 
slip and slide down on the smooth bank some distance before he could — 
stop himself. Having traversed the entire width of the field, we took — 


advantage of some rocks projecting from a small spur, and climbing 


upward partly on them, partly on the snow, we finally reached a point ~ 


from where the ascent became more gentle. Before eleven o’clock we 
reached the summit of the peak. There we found a monument built by 


Mr. Wilson, the chief of the main triangulating party. He had ascended — 
the peak about a month before us, for the purposes of his work, but was — 


forced to abandon it on account of a storm. A few days later he made 
a second attempt, and, although suffering severely from the cold, suc- 
ceeded in accomplishing his work. At the time of our ascent it was 
cold, the thermometer standing at 44° F. Added to this was a sharp 
westerly wind, against which our coats afforded no protection. Our dog 
had faithfully accompanied us to the very summit, 13,400 feet above sea- 
level. 


toward the northwest we saw the numerous jagged peaks of the Wind 
River Range. About 35 miles distant was one apparently higher than 
those surrounding it. This was Frémont’s Peak. Rising above all near 
it, this mountain is a fit monument to the energetic explorer, who, in 
1842, when the entire country was but an unknown and dangerous 
wilderness, unfurled the American flag on its summit. To the west the 
mountains of this main chain present more accessible slopes, while their 
eastern faces are exceedingly precipitous. From the top of Snow Peak 
a stone could be thrown, eastward, that would fall fully 2,000 feet before 
striking. Surprising to us were the enormous masses of snow remaining 
in the mountains at even so advanced a time of the season as July 27. 
It may, perhaps, be due to the steep, eastern faces, which, in many in- 
stances, are so placed as to allow the action of the sun’s rays but a very 
limited influence. Looking down upon the accumulations of snow, and 
noticing the favorable orography of the region, I fully expected to find 
active glaciers within the Wind River Mountains.* Although none 
were discovered, traces were found of extinct.glaciers, appearing so fresh 


*NoTE.—Since the above was was written, the exploring parties of this survey have 
during the past summer found active glaciers in this range.—E. 


The view from this peak came fully up to our expectations. Looking | 
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that they should certainly be regarded as having existed at a very recent 
period. 
: 4 Looking beyond the foot-hills we saw the low country stretching out 
in an unbroken expanse. Dark lines, produced by timber, indicated the 
courses of streams; and blufts, that had given us some trouble in sur- 
mounting, disappeared totally. To the west and north we saw the Green 
River Mountain and the famous Teton Range, with its culminating point, 
Mount Hayden. Far in the distanee, too, the Bighorn mountains rose 
in hazy form above the level of the plains, completing the northeastern 
horizon. 

Having duly chronicled the date of our ascent on a piece of paper, and 
intrusted it to the protection of the monument, we commenced the 
descent. Upon reaching the snow-bank, which stretched for nearly a 
mile before us, we employed a method well known to school-boys for 
rapidly accomplishing our downward course. Sitting down upon the 
snow, which by this time had become a little softer than it was in the 
morning, we “ slid” down the steep incline. Going at a very high speed, 
we had the satisfaction of accomplishing 500 feet of our descent within 
a very few minutes. This performance produced a high degree of pleas- 
ure in our dog, who evidently seemed to think that it was accomplished 
for his especial edification. Arriving at a convenient point we stopped 
ourselves and recrossed the snow-field. Our mules were somewhat rested 
by this time, and we started on the journey to camp. Avoiding the 
snow-fields which we had crossed in the morning we led them down a 
steep slope, and then returned by the same way we had come. About 
six o’clock in the evening we arrived at camp very hungry. As this was 
the highest peak we expected to climb during the summer, the success- 
ful accomplishment of our ascent gave us great satisfaction. Had we 
entered this portion of the range earlier in the season our work could 
have been completed only amid the greatest hardships. 

Few mountain ranges, perhaps, present so typical an orographic struct- 
ure, and from the summit of Snow Peak we had a particularly favorable 
opportunity of studying it. Its relative position, and the commanding 
view there obtained, render it one of the most conspicuous peaks of the 
range. No one before Wilson seems ever to have ascended it, and our 
party, therefore, was the second one that successfully made the attempt. 
Taking leave of our companion of a few hours, Mr. Fosher, we spent the 
evening in discussing the events of the day. . 

July 28 we continued our march northwestward, along the slope of 
the range, camping on a small stream. The day following we crossed 
the Big Sandy River, which, within the mountains, is a rushing stream 
carrying a good supply of water. Full of bowlders, and very swift, it is 
rather difficult to cross. We encamped that afternoon at the head of a 
swampy meadow, at considerable elevation. It is about 2 miles long 
and half a mile wide. Toward evening we saw a large grizzly bear (Ursus 
horribilis) in the grass, and proceeded to kill him. Being obliged to fire 
at very long range, because he took to flight, we missed him. Expect- 
ing to fall in with him again, we followed his tracks for a considerable 
distance, but darkness soon set in and we lost him. While endeavor- 
ing to retrace our steps toward camp, we encountered a second bear. 
Having shot at some other game, our stock of ammunition was so low 
that we did not fire. During the day we saw several porcupines. One 
of them was on a spruce-tree, about 16 feet from the ground. We had 
frequently observed that the bark was removed at varying heights from 
such trees, and we now found the porcupine engaged in this exercise. 
Before we could leave the dense forest, where progress was very much 
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impeded by fallen timber, it was absolutely dark. By ten o’clock the 
three bear-hunters gave up the idea of reaching camp that night, and, 


building several huge fires, “slept out.” At that altitude the night — 


was very cold, but by lyimg each beiween two fires we managed to 
keep warm. Next morning by eight o’clock we returned to camp, find- 
ing it readily as soon as daylight enabled us to distinguish our land- 
marks. After a hearty breakfast we set off on our journey. Riding for 
a short distance through a combination of swamps and “down timber,” 


we soon emerged into a very fine forest. With ease we passed on through _ 


this until our progress was temporarily arrested by meeting with a band 
ef elk. Shortly after we saw some deer, and ‘‘bear-tracks” were plenti- 
ful. Riding over smoothly-polished rocks and through shallow swamps, 
we finally reached the stream that lower down has received the name of 
the “Muddy.” Where we camped on it that evening it by no means 
justified this appellation. Similar to the Big Sandy, it flowed swiftly, 
as a torrent, over large bowlders, often confined within narrow walls. 
No fish were found in it at this point, owing to rapids and cascades some 
distance down stream. — 

On the day following we marched up the Muddy. On the west side 
of this stream along plateau-like ridge led up to Temple peak, upon 
which a station was made. Passing this peak, we found an Indian trail 
leading across the mountains. It is the one usually called the “ Sho- 
shone trail” We followed it to timber line and there camped. Two 
of the party rode on beyond the main divide, dnesceding some distance 
on the Wind River side. The trail was found to be a very good one, 
overcoming with ease the difficulties of the ascent. Much snow was 
still lying there, although the smaller banks were rapidly melting. From 
the divide a very beautiful view was obtained of the Wind River drain- 
age to the east, and that of Green River to the west. East of the divide 
the trail leads over. steep slopes composed of loose rocks. Winding in 
zigzag, it soon gains better ground, however. This trail leads from the 
base of the mountains, where it is made up by several others coming 
from farther west, directly across the range to Camp Brown. So far as 
I have seen the range, this is the most southerly feasible pass. Tracks 
upon it showed that two days before several Indians had passed over it, 
going eastward. They belonged to some of the hunting parties which 
had been absent from the agency at the time of our visit there. 

On August 1 we turned back toward the plains. We had reached the 
northwestern corner of our district, and proposed marching eastward 
along the western base of the range. Following the trail down along 
the Muddy, our route lay over the high plateau-like ridge mentioned 
above. Leaving the trail there, we rode along the ridge and camped at 
‘its western end near some of the high foot-hills.. Several stations were 
made, and on the next day we continued”our journey downward. Rid- 
ing ‘across country,” we soon reached the trail and followed it. It car- 
ried us through a most interesting region as long as we remained at high 
altitudes. Iiverywhere were the most conspicuous proofs of glaciation. 
Shallow lakes were formed by the transverse placing of terminal moraines, 
and. the rocks frequently showed a mirror-like polish. Before we reached 
the valley, we were agreeably surprised by meeting a large party of 
Shoshone Indians. Among them was our former acquaintance, from 
whom we had obtained some trout on the North Fork. Perhaps under 
no circumstances does the Indian appear to such great advantage as 
when on the march. The “warriors” are arrayed in their best garments, 
ride good horses, and are fully impressed with their own dignity. Seated 
high upon bundles of fur or other articles, the squaws present a specta- 
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ele less inviting, certainly, but no less picturesque. Swaying from side 
to side with the motion of the horse, carrying a child or two before 
_ them and one on the back, these creatures are the picture of unalterable 
_ helplessness. Haggard and worn, when old, they more closely resemble 
_ the type of a witch than anything else. Surprising to the stranger is 
the fearlessness with which small urchins and girls sit on their ponies. 
Gaudy colors and profuse ornamentation of both man and animal lend 
to the Indians a peculiar charm of appearance that clothes of civilized 
cut cannot replace. As compared to some other tribes, the Shoshones 
are careful of their dress, and produce a favorable impression. With 
our introductory “‘How!” and the same salute at parting, the main por- 
tion of the conversation with many of the individuals was concluded, 
and we proceeded on our march. After a long ride, during which we 
followed the trail down beyond the foot-hills, we reached the Muddy 
River, and that evening made our fiftieth camp of the season. The 
river was found to contain fine trout, and we enjoyed a change from ven- 
ison to fish. 

August 3 we marched southeastward along the base of the mountains. 
We there observed that a subsidiary chain separated from the main range, 
forming a series of isolated hills and groups. Cut by the drainage from 
the mountains, the continuity of this chain is repeatedly broken. From 
the relative elevation of the highest points, and the geognostic character, it 
is evident that a connection formerly existed. Making stations on the 
granitic hills to the left of our line of march, we reached the Big Sandy 
on August 4. Where we camped the old wagon-road, formerly known 
as the “Oregon trail,” crosses the stream. Frémont travelled along this 
route, sometimes called Lander’s Cut-off, on his way to the New Forks, 
from where he ascended the peak that bears hisname. During the time 
of the Sweetwater mining excitement this road was much used by pros- 
pectors, who examined the lower portions of the range in the expecta- 
tion of finding paying metalliferous deposits. Game is plentiful in the 
region of the Big Sandy, consisting of deer and antelope, and the stream 
contains an abundance of very fine trout. 

Reports have been current for a long time concerning waterfalls on 
the Big Sandy above the crossing of the wagon-road. In order to satisfy 
ourselves upon this point we examined the river on August 5. The 
train proceeded along the road to the Little Sandy. Following up the 
valley, we found this soon growing narrower, until it changed into asteep 
cadon. Within this a growth of heavy timber lined the sides, and the 
water came tumbling and rolling down over immense bowlders, tree 
stumps, and fallen logs. In this way, owing to the steep fall of the river- 
bed, a series of very fine cascades is formed. No definitely developed 
fall was found, and, although we were disappointed, the wild character 
of the caiion and the beauty of the rushing stream amply rewarded us 
for our unsuccessful search. 

Leaving the caiion, we made a station on one of the isolated granitic 
hills. At the base of this the wagon-road, which heretofore had remained 
southwest of the granite ridge, curved to the northwest and continued 
between the outer range and the western base of the main chain. The 
next stream eastward issuing from the mountains is the Little Sandy. 
Descending from the hill upon which we had made our station we turned 
southward, in order to camp on the Little Sandy, outside of the granitic 
ridge. To our surprise, we found an old buffalo bull quietly grazing 
near a grove of quaking asp. A lively chase and a few shots brought 
him down. He was evidently very old, and, having turned somewhat 
morose, left his herd to enjoy life in solitude. His meat was so tough 
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as to be unfit for eating purposes, and even his tongue required six q 
hours’ boiling without becoming palatable. During the afternoon we ~ 
made a station on one of the small bluffs west of the stream. Antelope | 


were very numerous, but shy. 


On August 6 we regained the wagon-road and continued our march — 


toward the Sweetwater. During the day we rode over the famous South 
Pass. As both Frémont and Dr. Hayden remark in their respective re- 
ports, it is a matter of some difficulty to determine accurately where the 
continental divide really is located. The ascent from either side is so 
gentle that it can scarcely be noticed. This pass certainly presents a 
more gentle slope than any other one crossing the “‘ backbone of the con- 
tinent.”. On the way we met large herds of cattle which were grazing 
in the valleys. Throughout the entire region there is good feed for eat- 
tle, and it is utilized by various cattle-owners. In some of the meadows 
hay is cut, which easily finds a market. After a ride of nearly 20 miles 
we once more reached the Sweetwater, where we encamped. Here the 
river was much larger than where we last had seen it, in the mountains. 
Attempts at isolated settlements had been made there a number of years 
ago, but with the decline of the mines they were abandoned. 

Leaving the Sweetwater on the next morning we continued our march 
eastward, passing over some very pretty country. In the afternoon we 
camped at a small spring near some haymakers. 

On August 8 we rode into Camp Stambaugh for the last time. While 
passing through South Pass and Atlantic cities I examined the mines 
there. As has been stated above, but few of them are worked at pres- 
ent. The owners and settlers generally are hopeful, however, and addi- 
tional development of the agricultural resources of the region may give 
a new impulse to the mining interests. 

Arriving at Stambaugh we found our old friends well, and a large 
quantity of mail awaiting us. While camp remained stationary there 
during the next day the examination of mines of the neighborhood was 
completed. Accompanied by Lieutenant Cole, the ride from place to 
place was rendered very agreeable. Before leaving the post we shipped 
our trophies of the chase and specimens, took a new stock of provisions, 
and, thanks to the courtesy of the quartermaster, had some of our mules 
reshod. Having completed all our arrangements, we looked forward to 
our final departure from the post that had become so pleasantly familiar 
tous. All the western portion of our district was finished and but seven 
weeks of the season remained to complete the rest. 


CAMP STAMBAUGH TO ROCK INDEPENDENCE. 


Bidding the officers of Camp Stambaugh a final adieu on the morning 
of August 10, we departed, carrying with us grateful recollections of 
their kindness and attention. Following the road which leads to Miner’s 
Delight, we soon began to descend on to the Wind River drainage. 
Leaving the road near the beginning of the old sedimentary beds, we 
rode off to the southeast. A last view was here obtained of Red Cation 
and its picturesque surroundings. Examining the strata as we passed 
over them, we gradually descended toward Twin Creek Cation. Near 
its upper end we encamped at the base of a high, deeply corrugated 
sandstone rock. Upon its top we found the remnants of an old Indian 
“lookout.” The view from that point commands several important 
passes, and it was, therefore, well chosen. Riding down the caiion, we 
reached Sheep Mountain on the day following. One feature strongly re- 
minded us of the fact that we had descended considerably since leaving 


{ 
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Stambaugh—the occurrence of rattlesnakes. Meeting with several of 
them during the day, we had occasion to make some interesting observa- 


tions. We found that when the snake is getting ready to strike it grad- 


ually raises the fore portion of its body from the ground, supporting it 


_ upon one or two coils near the tail. While this is going on the tail stands 
- clear from the ground and the rattles are constantly in motion. Imme- 


diately before biting, the head, neck, and upper portion of the body, which 
may be raised to a height of more than a foot from the ground, are curved 
slightly backward, and then thrown forward swiftly with great violence. 
This is the “spring” of the rattlesnake which popular report has mag- 
nified very much. So far as we observed, the distance of the spring may 
amount to about two-thirds of the length of the snake. - Of course this 
method of biting will be employed only under favorable circumstances. 

From Sheep Mountain we had a very fine view of the surrounding 
country. Prominent in the landscape are the bright red colors exhib- 
ited by the Triassic beds. Whether disturbed from their original place 
of deposition or not, they readily yield to erosive influences, and then 
present bold escarpments, more or less ornamented by the effects of de- 
composition and disintegration. Having ascended Sheep Mountain on 
the west side, we commenced the descent on the east. Camp had been 
made in a narrow limestone cafion containing Beaver Creek. Perpen- 
dicular walls enclosed the small stream, which not far off loses its good, 
fresh water and turns extremely alkaline. Within these limestones a 
number of springs have their origin, flowing clear, cold water. <A 
short distance from our camp, on the south side of the Beaver, we found 
a very interesting occurrence. This consisted in hot and cold sulphur 
springs. From‘a distance we had noticed a cave-like depression in the 
limestones. Upon examination this proved to be a vertical “‘ drop” of 
the strata. The form of the present excavation is oval, about 200 feet 
long, 150 feet wide, and 120 feet deep. “Lower down on the hill, toward 
the creek, we found the hot sulphur spring. A decided odor of sulphu- 
retted hydrogen announced its existence. The spring bubbles up in a 
hole capable of accommodating twomen. The temperature of the water 
is 96° F. About 250 yards off is a cold sulphur spring of similar consti- 
tution. No doubt there is some connection between these springs and 
the “drop,” a point that will be more fully discussed in the geological 
report. 

From all that we could learn before entering this section of country, 
it was the only one where we might apprehend any danger from Indians. 
Small parties of Sioux usually passed through it every summer, stealing 
horses and occasionally firing upon the settlers. Several times they had 
ventured within half a dozen miles of Miner’s Delight, but at no time 
had their gain been adequate to the danger to which their predatory 
expeditions exposed them. During our entire trip through that region, 
however, we never saw an Indian. 

On August 12 the train marched down Beaver Creek, while we exam- 
ined the country lying toward the Sweetwater. That region is very 
much broken, well watered, and contains scattering patches of timber. 
Game seems to be very abundant. We saw a large band of mountain 
sheep and a great many antelope. As we were riding northward during 
the afternoon the appearance of a horse attracted our attention. Upon 
investigation we found that it was evidently a “stray,” and in no con- 
nection with Indians. 

‘A short distance east of Sheep Mountain the Beaver makes a sharp 
turn to the northward, retaining that course until it enters the Little 
Wind River. Along the stream we found a good Indian trail. Follow- 
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‘ing this we emerged from the region of hiils into a typical “bluff coun- 
try.” With the appearance of bluffs, spruce, pine, and quaking asp 


ceased, and their places were supplied by pition, cedar, and sage-brush. 


Riding northward on the trail, we took a look at the surrounding coun- 
try. Before us lay an unbroken stretch of low, narrow bluffs, the near- 
est ones resembling “ hog-backs,” but the more distant ones showing 
horizontal stratification. South and east of us was the curving edge of 
a high plateau formed by the strata of the Sweetwater Group. Its 
sharply cut edges were clearly defined, and isolated points of considera- 
ble elevation rendered it more prominent still. Without any transition, 
the plateau was abruptly set off against the low country immediately 
adjoining it. Its steep slope was deeply furrowed by erosion, and groves 
of trees filled the narrow ravines. We were well satisfied to see this, as 
it promised us a sufficient supply of water and grass. 

The trail on which we were riding kept along the creek very regu- 
larly, and after sundown, we reached camp, which was made near it. 
Crossing the Beaver on the next day we rode in a southeasterly direc- 
tion across the bluffs and ascended the steep face of the plateau. On 
our way we started a number of deer and antelopes from their cover and 
found a very fine spring. From the edge of the plateau, about 2,000 feet 
above the low country adjoining, we obtained a good view. To the north 
of us lay the Rattlesnake Mountains, and, farther on, the Bighorns. 
Southward the plateau sloped toward the Sweetwater in gently inclining 
terraces. Beyond the river we saw the Sweetwater Hills, which shut 
out all view of the lower country. East of us the sharp points of granitic 
hills north of the Sweetwater projected above the level of the plateau. 
A number of stations were made on the edge of the plateau, and in a 
heavy rain-shower we rode toward the Sweetwater, where our camp was 
located. Very good grass and water refreshed our animals after their 
several long rides. 

August 14 we reached the Sweetwater and camped about 18 miles be- 
low Saint Mary’s station. At this point all timber has disappeared from 
the river and nothing but sage-brush and willows remain. During the 
day we were obliged to ride in a broiling sun and at night the thermom- 
eter fell nearly to the freezing point. Here John, our cook, began to show 
symptoms of “mountain fever.” Although he had been accustomed to 
this sort of life for more than ten years, this was his first attack of the 
distressing malady. On the next day camp remained stationary while 
we rode northward to make our first station on the granitic hills. After 
a ride of about 8 miles we reached the first one. Having completed our 
work there we separated, one party going to the edge of the plateau and 
the other to a high, round hill to the northwest. This latter was found 
to be composed of Carboniferous limestones. On its summit were seen a 
number of Indian “lookouts.”. Sometimes these are carefully built: a 
circular wall or one of horseshoe shape is erected, about 2 feet high, and 
behind this the sentinel lies concealed. Others are simply excavations, 
long and sufficiently deep to allow a man to remain hidden. In this in- 
stance, as in many others, the protection from observation consisted 
simply in piling up a number of bowlders, which, even in the case of an 
attack, would afford some shelter. Numerous chips of flint, chalcedony, 
and jasper, besides some broken arrow-heads, showed that the Indian 
stationed at this point had utilized his time by manufacturing his offensive 
weapons of chase and warfare. 

August 16 we broke camp and continued our march down the river. 
About 5 miles below camp we found that the river flowed through a very 
pretty little cafon. A rent had been formed in some red, quartzitic sand- 
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stones, and the Sweetwater passed through it inclosed on either side by’ 
_ perpendicular walls 120 feet in height. Crossing the river we found the 
_ old emigrant road and the stumps of telegraph poles, which latter were 
_ destined never to be used. Small, dry alkali flats indicated the presence 
of lakes during certain seasons of the year. While riding along we saw 
a band of about forty elk. They started from the willow-brush on the 
river and soon disappeared in the adjoining granite hills. Recrossing 
the Sweetwater we rode over to some of the granitic hills. Very sparse 
timber, consisting of pifion and cedar, was scattered over them. Water 
appeared to be scarce, owing to the loose, permeable character of the 
rocks adjoining the granites. Antelope were plentiful, and tracks. of 
deer and mountain sheep indicated their presence. On the way we saw 
several blue herons (Ardia herodias), a very graceful bird. They were 
stalking along a small swampy place, searching for food. About 4 miles 
below our camp of the 16th the wagon-road returned to the north side 
of the river, and fresh tracks thereon showed the proximity of white 
men. 

Proceeding on our march down the river we reached the well-known 
Three Crossings and camped there. In early times this was a very im- 
portant station, of which to-day nothing remains but the crumbling stone 
walls of an old house. The name was given to the place from the fact 
that the wagon-road crossed the river three times within a very short 
distance. Winding its serpentine course between the low, granitic hills, 
it closely hugs first one, then the other bank. Emerging from this nar- 
row place we see before us a wide, meadow-like flat, covered with excel- 
lent grass. Bordered on the north side by the river and the granitic 
hills, the south side is protected by the bluffs of the Sweetwater Group. 
Sand, blown up into large dunes at favorable places, shows the force and 
persisteney of the wind prevailing there. Much has been said about 
the agricultural prospects of this region. So far as we were able to 
judge during our trip, there is but little promise of their being realized. 
Within the time that we camped in that section of country the nights 
were exceedingly cold, and on the one we spent at the Three Crossings 
we had a sharp frost. It is possible, but. not probable, that the summer 
season of 1877 was an exceptionally cold one. In this way we might 
account for the cold nights during August. Timber, for building, and 
other purposes, could be obtained from. the neighboring hills, and stones 
are plentiful. A short distance from the river, irrigation would have to 
be employed in case agricultural pursuits were followed. Undoubtedly 
this region would prove to be a good grazing country, provided no raids 
from Indians were to be feared. Reports with regard to the safety of 
the place are so conflicting that but little ean be decided on that point. 
At certain seasons some of the hostile Indians travel through that coun- 
try for the purposes of hunting, and it is possible that an isolated settle- 
ment might be attacked. 

For a number: of miles, both above and below the Three Crossings, 
old graves testify to the former hostility of Indians. Situated upon 
little hills and bluffs the small stone mounds produce a compassionate 
feeling. Emigrants leaving more densely settled portions of the coun- 
try to seek a happy future in the distant West were here laid to rest 
often without having even seen the “promised land.” After the war 
had elosed, the Eleventh Ohio Regiment of volunteers was sent into 
this country to keep the Indians in check, and their numerous graves 
show the cost at which the red-skins were to be subdued. 

Opposite the Three Crossings is a low pass through the Sweetwater 
hills. From this point the latter present a very pretty scenic effect. 


30 REPORT UNITED STATES GEOLOGICAL SURVEY. 
ki 


about 2,000 feet. Leading down toward the river are straight, regular 


‘Timbered on their higher portions, they rise to a relative elevation of — 


—— 


ridges composed of the white rocks constituting the Sweetwater group. — 


Breaking camp on August 17, we crossed the river and traveled in a 
northwesterly direction. Soon after having reached the other bank we 
found ourselves in the vicinity of Agate Lakes. This name has been 


given to several alkaline ponds on account of the fine moss-agates there — 


strewn all over the country. From the size of a pea to that of a good- 
sized apple the agates are scattered over the ground. They are water- 


‘worn and some of them show exceedingly pretty “moss.” Slowly as- — 


cending the rising plateau we passed between a number of isolated 


granitic hills, until finally an uninterrupted stretch of gradually rising — 


slopes presented itself. Finding no water on the plateau we were obliged 
to continue our course until we had reached its northern edge. Then 
descending the steep face, we encamped for the last time on Wind River 
drainage. 

Owing to the heat of the day and the fatigue of riding, our cook had 
a relapse and was very sick for two days. Subsequently he became 
better, and after about a week had recovered. For two days we made 
stations along the edge of the plateau, looking down upon country that 
presented the typical aspect of “‘bad lands.” Game was abundant; 
antelope, deer, and elk fell victims to our bullets, furnishing a good sup- 
ply of provisions. One day we killed an antelope from the dinner-table, 
so little did our presence interfere with their movements. 

On August 21 we retraced our steps toward the Sweetwater, and after 
a short march camped on a small stream at the base of one of the gran- 
itic hills. The next day we traveled in a southeasterly direction, and 
stopped within the main mass of granite hills. We were surprised to 
note their character upon closer inspection. Almost absolutely bare of 
vegetation, they presented steep smooth slopes. Often it was impossible 
to ascend them except by literally crawling, and even then the slippery 
surface made the climb difficult. The highest mountain or hill of the 
group has been named Hayden’s Peak in former years. It is a dome- 
Shaped mass of red granite, very symmetrical, with perfectly smooth 
Sides. Crossing over a granitic ridge, where our mules proved them- 
selves expert in the art of sliding, we again reached the Sweetwater 
Valley. Dry creek-beds, densely timbered with cottonwood (Populus 
balsamifera), quaking asp, and willow, promised water while seen from a 
distance, but we were obliged to ride to the river before we could obtain 


any. Camp was located directly opposite Whisky Gap, on the north side. 


of the Sweetwater, from which place we obtained a good view of the 
Seminole hills. Crossing the river on the 24th of August, we again 
reached the wagon-road and followed it for some distance. On our way 
we passed Cloven Peak, sonamed because its highest point is split, caus- 
ing a resemblance to the cloven hoof of a quadruped. Small fragments 
of granite forméd below isolated hills on the south side of the river, but 
the main mass remained north of it. Passing a number of graves on our 
way, we found that they sheltered emigrants who had probably fallen 
victims to the arrows and bullets of Indians. 


August 25 we rode southward to explore the ridges leading from the 


Seminole mountains to the river. Antelope were very numerous, hay- 
ing congregated in bands. Coyotes followed them in order to capture 
any that might fall sick or through other causes become an easy prey. 
Following up a small stream we came upon a meadow filled with ante- 
lope. Hay had been cut there and was stacked. The sight of antelopes 
quietly feeding around haystacks appeared to us as very incongruous. A 
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few wolves lying in wait, under cover of a ditch, were frightened by our 
approach, and the bullets we sent after them had the double effect of 
accelerating their flight and clearing the valley of game. Having ex- 
amined the ridges in question, we returned toward the Sweetwater. 
_ Before us lay that narrow chasm in the granites which is known as the 
“Devil’s Gate.” A vertical opening appears in a small north to south 
_ ridge of red granite. Its width at the base is about 80 feet, and the 
height of the walls 400 feet. Through this fissure the river has found 
its way, rendering it impassable. Telegraph-poles, some wire, the 
ruins of afew old houses, and the wagon-road rounding the granitic 
point, speak of former enterprise in this region. For many years this 
“gap” has been a prominent landmark, and travelers associated it with 
the not far distant Rock Independence. In the earliest times of over- 
land travel this latter received much attention. . Its comparatively iso- 
lated position and its location at the beginning of a pleasant portion of 
the route have alike rendered it conspicuous. During the times of Indian 
troubles this immediate locality was considered very dangerous. We 
found our camp at the eastern base of Independence Rock. This monu- 
ment of early daysis about 90 feet high, situated directly north of the river 
near west longitude 107°. Its general form resembles the upper half of 
a round loaf of bread more than anything else, and the level accumula- 
tion of sand surrounding it renders it very prominent. For years it 
has been the custom of travelers to inscribe their names upon this rock, 
and we found more than one which has since become well known in con- 
nection with western exploration. The oldest date we found was 1844. 
Frémont’s cross, which he cut into the rock, we did not see. 

During the evening a herd of cattle, numbering 2,800, slowly ap- 
proached along the wagon-road, sending a cloud of dust. high up into the 
air. It was en route for Fort Laramie, and the drover had chosen this 
short, though perhaps more dangerous, trail. Fourteen men accom- 
panied the herd, well mounted and fully armed. As we sat on the top 
of Rock Independence, near sunset, and watched the busy movements of 
the immense mass of cattle directly in front of us, the sight was a very 

_ fascinating one. . Mounted on good “ cow-horses” the herders proceeded 
to “round up” the stock, preparatory to camping for the night. After 
this process had been completed, it was astonishing to see upon how 
small an area so many animals could be crowded together. Camp re- 
mained stationary during the next day, while we made some explorations 
to the north and east. Sharply-cut bluffs extend northward to the edge 
of the plateau, from where a good view was obtained of the .couatry be- 
yond. We there saw the region which still belonged to the district 
assigned to us for the season’s work. Lack of time forced us to abandon 
the examination of about 1,000 square miles. Rock Independence is 
located on the eastern border of our district, and when we left it we had 
but the southeastern portion to complete. On the Sweetwater, below 
the rock, we found the ruins of houses, one of which had evidently been 
an old stage-station, while the others probably sheltered members of the 
Eleventh Ohio Volunteers. Graves close by contained the bodies of 

some of the latter, and by their mute presence told a tale which is but 
too often repeated on our western border. An old bridge across the 
river and the remains of General Crook’s recent camp were further evi- 
dence of the presence of the white man. Having concluded our work in 
that section of country, we proceeded to march to Rawlings Springs, on 
the Union Pacific Railroad, where we were to find our last month’s 
provisions. 
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Leaving the Sweetwater we commenced our journey southward on Au- ° 
gust 27. An old wagon-road leads turough a pass in the granite hills, and 
from there along the tertiary ridges toward the Seminole Hills. Cross- 
ing, on this road, the Sweetwater Valley, we gradually ascended until we 
reached some isolated bluffs. From there the road falls, leading into a. 
very pretty valley. Sandy Creek flows through this, furnishing an ample 
supply of water. 

Sheltered on all sides by surrounding hills and bluffs this valley oceu- 
pies a highly favored position. Several cabins have been built and a 
portion of the land is under cultivation. The settlers there state that 
the winters are very mild, and that the: summer season is of sufficient 
duration to ripen grain. Very fine grass is found in the lower portions 
of the valley, and the cattle which we saw were in geod condition. Ante- 
lopes are abundant and easily shot during the latter part of summer. 
‘We encamped upon the west bank of Sandy Creek. Wild currants, par- 
ticularly the yellow species (Riles auwreum), grew in great abundance, 
and were just ripe at that season. The distance from this valley to 
Rawlings is about 50 miles, and the hay here gathered is taken to the 
railroad for sale. 

Travelling up Sandy Creek we passed an old stamp-mill. A number 
of years ago some excitement was created by the reported discovery of 
rich mines in the Seminole Hills. This mill was erected, other improve- 
ments were made, and then the mines failed to sustain their unwar- 
ranted reputation. To-day no work whatever is carried on there. A 
short distance above the mill the ereek forks: Our road fellowed the 
southern branch. Before long the ascent began to grow steeper, and 
we found that we were travelling in sand. Looking back upon the hills, 
the sand was found to reach up about 400 feet along their slopes. After 
crossing the pass we had several miles of sand-dunes: before us. Trav- 
elling constantly toward the eastward, they permit vegetation to. gain a: 
hold at but very few places. In the depressions running east and west 
a number of shallow lakes were found, containing large flocks of wild 
geese. and “black divers,” (Muliea americana). Outside of the dunes, 
bordering upon them, were meadows containing small ponds. A large 
supply of hay is here obtained for the trade. This accumulation of sand 
is the eastern terminus of the long belt first observed at Mount Essex. 
‘Wherever there is. a pass in the hills so situated as to. afford free sweep. 


to the wind,.there we find the sand piled up in the greatest masses. Inits 


general character this occurrence is analogous tothat of the sand-dunes in 
San Luis Valley in Colorado. There the scale of horizontal distribution . 
is. by far smaller, however. Within the area.covered by sand, water may 

be found south of Sandy Creek Pass, but beyond that it is very rare. 
We continued our march along the wagon-read for the distanee of about. 
25 miles before finding any water. Then wereached a small alkali pond, 

enlivened by numerous sand-pipers: (Tringa sp.). Evidently the water 
was low, a fact that was indicated by its extreme alkalinity and the large 

white margin surrounding it. Upon evaperation of the moisture con- 

tained in these shallow basins a portion ef the alkalies are precipitated 

along their edges, forming a white efflorescence. During a bright day 

the brilliant white eolor of these deposits, which eften cover very exten- 

Sive areas, is. exceedingly trying to the eyes. Wind earrying the fine 
alkali dust through the: air fills eyes and nostrils with it, producing a. 
disagreeable effect. Camping at the little pond we had discovered, we 

once more had recourse to sage-brush as material for fuel. 
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_ Following the road during the next day we found it to turn sharply 
toward a ridge running north and south. Near the base of the ridge, on 
either side of the road, were two alkali lakes. Passing through a nar- 
row caiion, however, we found a spring—Brown’s Spring—of good water, 
and a little stream issuing from it. Here we camped. To the eastward 
extended the broad depression through which we had passed, bordered 
by a high, regular ridge, composed of gray shales and sandstones. In 
the distance we could see the hills south of the railroad. 

On August 30 we proceeded on our march to Lawlings Springs. 
Ascending the ridge at the base of which we had been camped, we fol- 
lowed along its crest for some distance and finally descended into a broad 
valley. ‘Within afew miles of Rawlings we passed a “red paint” quarry. 
Local accumulations of red hematite, within certain formations, are quar- 
ried out or mined, and after being ground furnish a brown paint. Reach- 
ing the town during the forenoon, we encamped near Cherokee Springs, 
about four miles northward. An ample supply of mail was awaiting us, 
and we found our provisions in good order. Since June 20 we had been 
absent from all direct railroad communication. Rough-looking as well 
as sun-burnt, we presented a striking contrast to the men who wore white 
collars and clean cutis. 


. FROM RAWLINGS SPRINGS TO WHISKEY GAP. 


On August 31 we left Rawlings and marched westward along the rail-- 
road. No water being obtainable elsewhere, we camped at Separation 
Station, where our wants were kindly supplied by the agent. On the’ 
way we visited some of the coal-mines of that region, and saw a number 
of untouched outcrops. Stations were made on some of the prominent- 
bluffs north of the railroad, where we were besieged by swarms of flying’ 
ants. Usually these animals do not bite, but in these instances they 
were not so generous. Crawling under the clothing they established 
themselves comfortably until removed by force. For two days more we 
remained on the line of the road. The country hereis very barren, being’: 
covered with sage-brush and prickly pears. A few stunted cedars are 
scattered over the bluffs. 

Our northward march toward the Sweetwater Hills was commenced on 
September 3. Leaving Creston Station early in the morning, we rode 
in a northwesterly direction. As we expected to find a very dry coun- 
try, we had provided ourselves with several water-casks. During the 
following week these were of considerable service. It was our intention 
to make a march of about fifteen miles, and then find water if possible. 
Two of the party examined the country on either side of the route fol- 
lowed by the pack-train, but not even a moist place was found. Chang- 
ing our direction slightly toward the west, we headed for some high blufis.. 
After having ascended these we found that we were near our trail of 
June 21. We were about twenty-two miles distant from Trail Lake, and 
as the mules showed decided signs of weariness we determined to make 
a dry camp by evening. Water contained in the casks was of good ser- 
vice to us, although the animals had to go without. Starting early the - 
next morning, we rode northward, expecting to find some of the lakes men- 
tioned by Frémont as existing in that region. While the train followed 
along a cation cut into the sandstones and shales we kept on the ridges, in 
order to havea better view of the country. Several times we were disap- 
pointed in our hope of finding water by the deceptive effects of mirage. 
Upon our approach, the lakes we had seen from a distance were resolved 
into dry alkali-flats. About noon wesaw water seven or eight miles dis- 
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tant, and changed our course toward it. When we had reachéd the 
place where we supposed the lake to be, having caught but a single 


glimpse of it, we agai found a sterile white plain. A short ride, how- 


ever, brought us upon a small rise of ground, and before us lay a large 
lake with innumerable ducks and geese. We had again reached the 
vicinity of the “sand-belt.” Riding through sand and soil where the 
mules sank in to their knees at every step, we approached the edge of 
the water. A sudden sinking of our animals from under us, gave timely 
warning; we had reached a bed of quicksand. Retreating from that 
spot, we tried to get to the water at a number of places along the shore. 
Not only were our animals unable to get within twenty feet, but it was a 
disagreeable undertaking for men to reach the edge. Sinking into the 
sand, sometimes up to our knees, we finally succeeded in our efforts to 
obtain water. By filling our hats we attempted to take some of it to 
the mules, but the wear and tear of three months had somewhat injured 
these useful covers, and the water ran out as fast as it was dipped in. 
On the bluffs close by were a number of antelopes, gazing wistfully down 
atthe water. From tracks they had made butashort time before we found 


that they too had approached the water’s edge within twelve or fifteen feet’ 


at a number of places, but were forced to abandon the attempt of reaching 
it on account of the quicksands.. Nothing remained for us but to do the 
‘same; we could not get our mules near enough to let them drink. Hav- 
ing remounted we proposed to try the other shore. While riding over to 
it'we saw camp a short distance off, at another smaller lake. Although 


this one was not very accessible either, the animals obtained water from 


a small pond close by, after having been for thirty-six hours without it. 
~ Immediately north of this lake we found a very interesting occurrence. 
A large number of mud-springs, several hundreds of them, occupied the 
slightly rising ground. Mounds shaped like beehives, from 2 to 15 feet 


in height, covered an area about a mile long and half a mile wide. At 
the tops of most of these mounds we observed circular openings filled — 


with ice-cold water. This water held a large amount of mud in suspen- 
Sion, so that it attained the consistency of thin chocolate. It was not 
entirely safe to walk or ride over this ground, as many of the mud- 
Springs were hidden by a superficial level layer of sandy mud. One of 
our party discovered this fact to the distress of his mule and himself. 
In the geological report a more complete discussion of the mud-springs 
will be found. Scattered in profusion over the ground were the bleach- 
ing bones of various animals. Buffalo, elk, deer, antelope, coyotes, and 
even smaller animals had fallen victims to the treacherous soil upon 
which they trod. We had no sufficiently reliable means of determining 


the depths of the cylindrical tubes containing the columns of mud-water, - 


but from some trials we made we found them to extend downward for 
more than 10 feet-in a number of instances. The temptation to obtain 
water in so dry a section of country must necessarily lead many animals 
to this region. Not knowing or appreciating the dangerous character of 
the soil upon which they step, many of them are engulfed, and their 


bones are eventually brought forth to the surface either by erosion or 


by the action of the water constituting the springs. Altogether the local- 
ity makes the impression of a huge grave-yard, in which the mounds are 
monuments erected to the innocent creatures that here have found an 
untimely end. ; 

From the evidences we observed in the vicinity of these lakes we con- 
cluded that they must have been largely frequented by Indians in former 
times. Behind small hills of sand and at other sheltered places were 
innumerable chips of flint, chalcedony, and some obsidian, which were 
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roduced in the process of manufacturing arrow and spear heads. Small 
ts of sandstone, which must have been brought from a considerable 
distance, and pieces of buffalo or elk bone were used by them in their 
work. Many points were found, but mostly broken ones. While watch- 
ing for the game, the hunters could here make the weapons wherewith 
to kill it. From the size of the majority of arrow-heads it may be in- 
ferred that they were used in shooting the various kinds of wild fowl 
which oecur at these lakes. The proximity of the ambushes to the shores 
speaks for the same assumption. JUaving examined the mud-springs 
and their surroundings during the day on which camp remained station- 
ary at the lake, we proceeded to resume our march toward the Sweet- 
water Hills. . 

On September 6 we started across the country, heading for the lowest 
depression in the range of hills before us. A long ride through sage- 
brush, over a sterile country, brought us to this pass. I am aware of no 
name that has been applied to it, therefore shall, provisionally, call it 
“Elkhorn Gap.” Both from the west and from the east the long 
Series of hills come to an abrupt termination. In the centre of the de- 
pression thus produced there stands an isolated bluff, having essentially 
the form of a truncated cone. Upon reaching the eastern base of the 
hills, after a monotonous march of nearly 30 miles, we found a small 
stream of water and encamped. Willow-brush and some scattering 
trees afforded us protection from the autumn winds that were now be- 
ginning to set in. 

September 7, camp was moved down the creek about six miles, 
while we rode up on the hills west of the gap. Ascending along the 
erest of a winding ridge, we finally reached the summit. This was found 
to be covered with scattering timber, and was nearly flat. During the 
day we had constantly met with large bands of antelope, and here en- 
countered both deer and elk. Having been hunted recently, these latter 
were shy and soon disappeared in the timber. From the summit we 
had a comprehensive view. We saw that the range of hills runs ap- 
proximately parallel with the river, and is a very simple one in its 
structure. On the river side opposite, the granite hills presented a very 
characteristic appearance, showing their,bare forms with but a trace of 
vegetation. For some distance westward, the Sweetwater Hills remain 
timbered, until they degenerate into mere blufis. Pine and spruce on the 
top and quaking asp in the narrow gulches leading downward com- 
prise the large mass of the trees. Some very picturesque little cations 
are cut into these hills, and they abound in game. 

At the immediate base of the hill which we were occupying we per- 
ceived several tents and a herd of horses. Riding down to investigate, 
we found encamped there a party of English gentlemen, who were on a 
hunting expedition. They had met with fair success thus far, and told 
us of a band of buffalo which was gradually approaching the hills from 
the north. Camp was moved about twenty miles westward on the day 
following, and we accompanied the English hunters in their search for 
the buffalo. We rode over the summit of the entire hill without finding 
them, after which our companions returned to theircamp. We continued 
toward ours, and found two old buffalo bulls on the way, which were 
captured after a most exciting chase. It is surprising for how many bul- 
lets a buffalo can form the receptacle without dropping. Reaching camp 
near sundown, we found it located on a small alkaline stream, on the 
south side of the hills. * ‘6 aah gio a 

Having now arrived at a point from where our present work could be con- 
nected with that finished in the beginning of July, we crossed the Sweet- 
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water range on September 9, encamping on a very pretty little stream- ¥ 
within Carboniferous limestones. During the day we rode westward — 
along the summit of the ridge. From there we obtained our last good ~ 


view up the Sweetwater Valley. While on the highest points, a stiff 


wind proved to be very troublesome to our work. The days were grad-. 
ually getting colder, and the addition of these gales was not an accept- 
able one. Descending from the hills, we examined the bluffs and ridges 


leading northward, thus completing the most westerly portion of the 
work still remaining. 

On September 10 we turned our mules’ heads eastward. The geology 
of the region through which we were passing at the time required close 
attention, and the marches of the train were comparatively short. Rid- 
ing along the northern base of the hills, on the day following we reached 


Eikhorn Gap and encamped there. Up to this time we had been — 


favored with exceptionally good weather, but now it began to look threat- 


ening. About twelve o’clock at night a severe rain-storm set in, lasting — 
only a few hours, but moistening us most uncomfortably. On the morn- 
ing of the 12th we continued our march eastward, still remaining on the. 


north side of the hills. We made a number of stations on sedimentary 
hills until a violent rain-storm, followed by hail, forced us to abandon the 
high points. While seeking shelter from the hail, we found a cave in some 


limestone strata and utilized it to good advantage. Nevertheless we — 


were wet and cold. Despairing of being able to wait sufiiciently long 
until the steady rain which was then falling should have ceased, we rode 
on looking for the trail of the pack-train. Although it was nearly oblit- 


erated by the heavy shower, we succeeded in finding it. Trusting more. 


to our mules’ unerring instinct than to our own judgment, we dropped — 


the reins and allowed them to proceed. Travelling along the slope of 
the range, we crossed a number of small streams well timbered. with cot- 
tonwood. On one of them glacial moraines extended down far into the 
valley. In this vicinity the hills were far more rugged than we had 
found them elsewhere. Stratigraphical disturbances were. denoted by 


the character of the region. As we were slowly making our way up a — 


steep, slippery hill along an old game-trail, heavy banks of fog were 
rolling up from the valleys and cafions below. Although these fogs are 


generally not of very long duration, we were anxious to obtain a view of ~ 


the country beyond the ridge before descending. Urging our mules on 
we lost the trail, and arrived on top only to find everything an absolute 
light-gray blank. It was impossible to distinguish even a horseman for 


a greater distance than fifteen feet. While waiting for a partial clearing © 


betore proceeding any farther, a sudden momentary break in the impen- 


etrable fog-bank before us revealed camp within two hundred yards. ~ 


Direcily the gap closed again, but it required only a few minutes for us 
to reach our tents. One of the most beautiful sights that can be found 
in the mountains is the rapid rising of dense white clouds in cafions. 
Rolling up the slope of the valley, creeping along the walls, and finally 
emerging from their confinement, the elastic masses gradually approach 


the observer, until all of the earth is shut out from his sight excepting © 


the little spot upon which he stands. 

It was necessary to return to some points during the next day which 
the storm had prevented us from visiting. Ascending the ridge from 
camp, we found the sources of the glaciers high up in the hills. Cross- 


ing one ridge after the other, while riding alternately through very fine — 


timber or meadows, we finally turned southward and reached the summit. 


of the hills. On the way, we heard elk “squealing” in various direc- 


tions. Obtaining a good view into the low country southward, we rode - 


ITINERARY. at 


long the crest of the ridge, “jumping” elk, deer, and antelope every 
ew minutes. The entire hill appeared to be alive with game. In the 
distance we saw a large green tract covered with a great number of dark 
spots. With the aid our field-glasses, we found these latter to be elk. 
- Having ridden on for about 5 miles in the timber, we found ourselves 
literally surrounded by these animals. On every side they crashed 
through the bushes, presenting a noble sight. As we emerged from the 
forest, near the western end of the hills, we saw a large band of them 
slowly filing across it. Our mules had become very nervous by this 
time, the presence of so many animals seeming to disturb them greatly. 
We watched the solemn procession, without being seen, from behind 
some bushes. Just as we turned to leave, another band came up, fol- 
lowing in the trail of the first. This one was larger. Bucks, cows, and 
calves all marched in a long line, the first-named uttering their melodious 
but piercing “squeal.” With the heads thrown forward, the horns far 
back, and the perfect wilderness of prongs, where half a dozen or more 
animals were near together they presented a sight never to be forgotten. 
As we wanted some meat, we shot a young cow. She dropped, but was 
evidently not hurt very much, as several bucks urged her to get up, by 
using their horns, and she complied with their wishes. One old elk was 
the object of our ambition; his height reached about a foot above any 
of the others, and his horns, thrown back, extended nearly to his tail. 
Irregular prongs produced an effect resembling the horns of a moose. 
A shot in the neck dropped him, but he recovered before we could reach 
him, and disappeared in the timber. As the afternoon was advancing, 
we could only make a short search, and reluctantly abandoned the place, 
leaving him to his fate. A moderate estimate of the number of elk in 
the second band would place it at over four hundred. 

Descending from the summit of the ridge, we returned to the camp 
which we had left in the morning, and from there followed the trail of 
the pack-train. Taking advantage of short game-trails we passed over 
the ground rapidly. . A number of streams, which contain water at this 
elevation, were crossed, and were recognized as the continuations of dry 
“washes” in the valleys northward. Quaking asp, cottonwood, willows, 
and some pine were found on them. Toward evening we reached a 
very pretty little valley where we found a log cabin, and some men en- 
gaged in hay-making. They had seen our pack-train during the morn- 
ing, and by pointing out to us the place where it had crossed the west 
ridge, enabled us to make a short “cut-off” Before long it grew dark, 
but the mules kept the trail. After having ascended a high ridge, trust- 
ing entirely to our animals, as we could not see enough to guide them, 
we discerned a light of apparently the size of a candle. Keeping the 
direction, which we fixed by the position of a few stars, we rode on for 
several hours longer, and finally, at eleven o’clock in the evening, reached 
our camp, on the east side of Whisky Gap, after a day’s ride of 45 miles. 

During the following day camp remained stationary in this famous 
pass. In the morning the wind was so violent that it seemed doubtful 
whether we could make any successful stations. ‘While one party 
ascended the hill to the east of the gap, we rode on that to the west. 
Whisky Gap forms the boundary between the Sweetwater Hills and 
those farther east the Seminole Range. Geologically and structur- 
ally the two belong to one system, but the mind of the early settler has 
seen fit to separate them. About 12 miles west of the gap the wagon- 
road, following along Sweetwater River, forks, and the one branch leads 
through the pass, on the east side of Muddy Creek. From the gap itruns 
ina southerly direction, passing Bell’s Springs, and eventually reaches 
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Rawlings Springs. This road is considered a better one than that through 
Sandy Creek Pass, as it avoids much of the heavy soil which must there 
be traversed. On the east side of the gap the Seminole Mountains pre- 
sent a very rugged and torn appearance. Bare rocks, standing perpen- 
dicular, project beyond the timber, and render travel there very difficult. 
They owe their position and prominence to violent stratigraphical dis- 
turbances. On account of the wind, which was blowing a perfect gale, 
it was almost impossible to ride along the summit of the ridge, and we 
were obliged to seek shelter in the forest. After obtaining the informa- 
tion we had sought, we returned to camp in the evening. 


FROM WHISKY GAP TO RAWLINGS AND FORT STEELE. ~ 


September 15 we left Whisky Gap. The wind was blowing more 
furiously than even the day before. Riding northward, we ascended a 
narrow ridge, but were unable to maintain our footing and had to go 
down on the other side. Selecting another which appeared to lie a little 
out of the direct course of the wind we reached its summit without much 

difficulty. Descending a little to leeward, we rode in shelter towards its 
highest point. Having dismounted we found it impossible to stand 
there, and were obliged to take our notes lying down flat. The Seminole 
Hills present a very pretty appearance from this side, if seen from an 
elevated point. Successive strata of varying color show nearly vertical 
faces, arranged like terraces, one above the other. White, light yellow, 
and reddish colors predominate, and are set off to advantage by the 
dark green of the timber. Game appears to be abundant here, although 
the country is more difficult to travel over than the hills farther west. 
We were anxious to find a locality where Dr. Hayden in 1870 had 
collected a number of highly interesting fossils. For the purpose cf 
finding this place we descended from the ridge and reached the wagon- 
road leading westward to the Sweetwater. A sharp ride against the 
strong head wind brought us rapidly nearer the river. Searching for 
bluffs which might answer the description given, we finally found the 
place, not far from Cloven Peak. Regaining the wagon-road we hurried 
back toward camp. Where the road makes a turn to enter the gap we 
found a party of English sportsmen encamped. Here we heard, for the 
first time, the news that one of our exploring parties had been obliged to 
leave the field earlier than they had intended on account of the troubles 
with Chief Joseph. They had, but a short time before, passed through 
Whisky Gap on their way to Rawlings Springs. Our camp was to be 
located on one of the small streams flowing northward from the Seminole 
Mountains, and we accordingly headed our mules eastward. Crossing 
ridges and narrow gulches, both trending north and south, we met with 
large quantities of game, mostly antelope. _ At this season of the year 
they congregate in bands of considerable numbers, and are less shy than 
earlier in the summer. A thin wreath of smoke curling up out of a 
narrow valley to the right of us revealed the presence of camp, and just 
as the sun sank below the horizon we reached it, tired from our ride of 
46 miles in a heavy wind-storm. It was decided that Clymer and I 
should leave the party on the 17th and proceed to Rawlings, from there 
to go farther west by rail, while the main portion of our small personnel 
would remain in the field a few days longer. 

On the day following we marched eastward along the northern slope 
of the Seminole Mountains, continuing in the course of the day before. 
We passed a number of small streams containing beaver-dams of consid- 
erable size. Near the mountains these animals appear to occur in large 
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numbers. Their characteristic “cuttings” were fresh, and from the num- 
_ ber of small trees that had been cut down, we judged that a large number 
of beavers must have been at work. Toone who has never seen the amount 
of work that can be accomplished by these industrious animals, their 
efficiency must seem almost incredible. Trees more than a foot in thick- 
ness are felled by them, are cut into lengths, and utilized for the purposes 
for which they intend them. Willows and quaking asp often appear as 
if they had been mowed down, so evenly are they cut. The material 
obtained from these two the beaver stows away as provisions for the 
winter. Frequently, pieces that they have cut into lengths to suit them- 
selves can be seen floating down stream, until they either become 
water-logged and sink, or are caught by adam. The construction ‘end 
form of these dams is such as to resist most effectually the currents 
which may threaten to destroy them, and they are thoroughly well 
adapted to the character of the banks between which they extend. 

During the continuation of our march we passed the abandoned mines 
which have been mentioned in previous pages. So far as we could deter- 
mine, but little work had been done on them, and our observations con- 
firmed the reports with regard thereto. It is stated that rich ore was 
found at first, but upon further prosecution of the mining operations, it 
was soon demonstrated that this had been contained in a small “ pocket” 
only, and that a continuaticn of the enterprise would not be renunera- 
tive. In the course of the afternoon we reached the old stamp-mill, and 
encamped on Sandy Creek, a short distance above it. Our baggage and 
specimens were separated from such articles as we desired to carry with 
us on the following day, and packed up. We had a long ride before us, 
considering that our mules had been in constant use for three and a half 
months, and were glad that we could give them good grass and water 
for several hours before night-fall. Letters were written, to be mailed at 
Rawlings, and two of the party, for the last time during the season of 
1877, rolled themselves in their blankets under the protection of a brightly- 
starlit sky. 

On September 17 we rode from Sandy Creek Pass to Rawlings Springs, 
where we arrived during the afternoon. We followed the same route 
that we had taken on August 29 and 30. Passing one of the small lakes 
near the sand dunes, we came upon a band of elk, and made our last shots 
of the season. Lloyd had accompanied us to return to camp with the 
mail. During the day the pack-train moved westward, along the west- 
ern base of the Seminole Hills, and camped on Muddy Creek. Leaving 
with the night train, 1 proceeded to Evanston, Wyo. On the 18th Lloyd 
returned to camp, and the party slowly completed its march to Rawlings 
and from there to Fort Steele. Having finished the summer’s work, its 
po ti started for Cheyenne September 23, and left the day after for 

é East. 

At Evanston I had occasion to examine the coal-mines of that place 
and vicinity. Coal is extensively mined there, and as its quality is good, 
this industry is in a comparatively flourishing condition. On the 26th 
Wilson reached Evanston, and on the day following we made the last 
station of the primary triangulation together on Medicine Butte. Hav- 
ing completed my work, on the 29th I left for Cheyenne, and October: 
1 started eastward. 

We had, during the summer, finished the survey of nearly the entire: 
district that had been assigned to us, 11,300 square miles, and had alli 
escaped without any apparent injury. Our arrangements as to the re- 
ception of provisions and mail had been successful, and we were enabled: 
to keep our mules in good travelling condition, due, in a great measure,, 
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to the courtesies extended to us at the posts. Much of the country over 
which we had passed is exceedingly sterile and difficult to survey with 
any sort of comfort, but again we found regions more delightful than 
which there are probably few in existence within the Rocky Mountains. 
All danger from Indians, of which there was some prospect at the outset, 
had been escaped, and with the exception of the attacks of mountain 
fever we had been’ troubled with no serious sickness. Returning to the 
East, Mr. Chittenden had the misfortune to be taken sick, and has been 
confined to his bed for nearly the entire winter. Upon his recovery, 
which now seems assured, he will prepare maps of the regions we have 
travelled over, and with them as 8 guide the subjoined geological zepees 
will become more intelligible than it can be at present. 


@ 


CHAPTER IL 


INTRODUCTION. 


Even before the discovery of gold in California attracted large masses 
of emigrants to the Pacific coast, the highly colored reports coming from 
that region made felt the necessity of an overland route. At the time 
when Frémont made his first expedition to the Wind Rivers, in 1842, all 
the country lying beyond the Missouri was almost absolutely a terra 
incognita. Venturesome men, often with their families, had a number of 
years previous to that time gradually pushed westward, and a route 
had been established by which to reach the land of promise. Taking 
advantage of both northern and southern passes across the continent’s 
“backbone,” and utilizing the shrewd ingenuity with which Indians had 
engineered their trails, two roads soon became tolerably well known. Of 
these, the southern one, ‘Cherokee trail,” approximately follows the 
forty-first parallel, while the northern one, called the “Oregon trail,” 
follows up the Sweetwater and crosses the continental divide by way of 
South Pass. Both of these roads were used extensively before the 
transcontinental railroad monopolized the larger portion of the carriage. 

It was the object of Frémont’s expeditions, carried out from 1842 to 
1844, to make a survey which would connect the Pacific coast with the 
Missouri River. His energy and perseverance enabled him to bring this 
undertaking to a successful conclusion. From Fort Laramie he travelled 
by the Oregon trail, and to his descriptions we owe the first reliable 
knowledge with reference to that region which was assigned to us for 
exploration during 1877. Since the time when Frémont passed along 
the emigrant road up the Sweetwater River, that section of country has 
been the object of much further exploration. During the prosecution of 
the Pacific Railroad surveys it was reached, and some portions of it ex- 
amined. In1870, while exploring a large portion of Wyoming Territory, 
Dr. Hayden travelled over the same ground. Later—in 1873—the expe- 
dition in command of Captain Jones again covered some of the same 
ground. Upon maps, prepared for the uses of the War Department and 
the General Land Office, we find recorded such information as had been 
derived from the older reports and from a number of smaller military 
reconnaissances. During our work in that country the survey was made 
continuous, and while heretofore the information furnished has been 
fragmentary, it is now, topographically, complete. 

Indians, since the earliest times, had been more or less troublesome, 
and until the latest subjugation of the Sioux, travel in some portions of 
that region was generally considered as attended with some personal 
risk. The northwestern portion of our district and the Medicine Bow 
Mountains, not far distant, are well known as favorable for the hunter. 
Annually several bands of Indians, belonging to different nations, were 
in the habit of visiting them for the purpose of obtaining meat and skins. 
This practice has been regularly kept up until within a few years, but 
now their appearance at these places cannot be relied upon. 

Within the district we found varied features of great interest. Mount- 
ains of grand structure, plains equally typical, and localities well adapted 
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to the uses of white men were contained within its limits. Lakes, rivers, 
and streams were seen there, the latter two only for portions of their 
courses, with the exception of the Sweetwater, which was surveyed 
throughout very nearly its entire course. Few incidents, perhaps, are 
so gratifying to the explorer as to follow a river from its first sources 
down to its mouth. While the little brook first met with can be crossed. 
by a single step, the volume of water is gradually swelled until, finally, 
it may become a question whether the stream can be forded or must be 
crossed by swimming. The observations of the widening valley, the in- 
creasing effect exercised by a growing stream, and the acquaintance 
with the entire system of drainage, furnish a peculiar satisfaction to any 
any one making them. fas 

In the subjoined pages we shall first consider the surface character of 
the district examined, and then its geological structure. Form and size 
of the various elevations and depressions, the distribution of water, either 
flowing or in still bodies, stand in such close relationship with the geog- 
nostic and stratigraphical conditions of every region, that a knowledge 
of one is requisite in order to fully appreciate and understand the other. 
With a view to accomplishing this end to best advantage, a special dis- 
cussion of the topographical features is inserted, which can subsequently 
be referred to during the description of the geognostic and geological 
character of any locality under consideration. Without the aid of amap, 
prepared upon a sufficiently large scale, the only available data are notes 
andmemory. For this reason, much of the detail features observed must 
necessarily be omitted, and any discussion of topographical structure 
must be confined within narrow limits. 


TOPOGRAPHY. 


Glancing at amap of Wyoming, we will usually find a large blank 
left in its southern central portion. This represents the southern part 
of our district, lying between west longitude 107 and 109 degrees, and 
on either side of the forty-second parallel. In its topographical struc- ~ 
ture this region may be regarded as very uniform. Bluff succeeds bluff 
in regular arrangement, retaining about the same relative level. Val- 
leys varying in width have been cut into the yielding material which 
composes them. Only in comparatively rare instances do we find any 
point reaching a considerably higher elevation than that of its surround- 
ing. In case we do, its existence is generally due to the influence of 
voleanic rocks. A number of buttes formed in this manner, rising above 
the level of the surrounding bluffs, are found along a line extending in a 
northwesterly direction from Red Desert station. Their prominence is 
due to the presence of ejected lavas. In the central region of this uni- 
formly depressed area we find broad valleys, sometimes containing lakes. 
Along a certain line, trending a little north of east, there are modifi- 
cations of the usual forms which are produced by the accumulation of 
sand. By lying up against the sides of the bluffs, or by forming wave- 
shaped low hills, the presence of this sand changes the detail-charac- 
ter of the regions within which it is found. If a general type should be 
given, indicating the form and distribution of the bluffs within this sec- 
tion of country, it might be described as long, narrow ridges, cut trans- 
versely by fluviatile erosion. ‘That erosion has shaped the entire surface 
of this region, there can be no doubt, excepting the isolated places where 
eruptive activity has stamped its impression. We must regard this por- 
tion of the Territory as, primarily, a long, even slope to the south, begin- 
ning at the southern base of the metamorphic elevated area. Erosion 
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has removed enormous quantities of the rocks, and has left the surface 
in the shape we now find it. Near the northern border of the region 
- under discussion we find remnants of large accumulations of sediment- 
ary strata which have disappeared. Such remnants are expressed in 
the form of prominent, isolated bluffs, and in a thickening of the strata. 
In a certain sense, the gradual rise northward may be regarded as form- 
ing a transition from the low country to the Sweetwater Hills. Geolog- 
ically the two are in intimate connection, but their orographic relations 
are not so evident. 


SWEETWATER HILLS. 


On many of the maps representing Wyoming this small range is 
designated as the “Sweetwater Mountains.” Dr. Hayden has pointed out 
in his report of 1870 that the appellation of “hills” was preferable. A 
short distance south of Pacific Springs there are a few isolated bluffs— 
table buttes—which may be regarded as the western terminus of the 
Sweetwater Range. From there eastward the hills present a uniform 
appearance. Continuing without many breaks, they extend as far as 
Saint Mary’s. At that point the range is somewhat disrupted, owing to 
a change in the geognostic structure. Steep granite hills, covered in 
part by sedimentary strata of Carboniferous age are there found south 
of the river. Valleys of erosion have cut in deeply, and narrow cations 
indicate the changes of composition. From there eastward the range 
of hills remains essentially unbroken, and continues to Elkhorn Gap. 
Although the range retains a nearly even elevation of about 7,500 feet; 
it appears as a series of hills when seen from the valley north of it. 
Creeks and streams have cut down deeply into the range, forming con- 
venient low passes. At Elkhorn Gap we find a wide depression, breaking 
the connection of the hills. Near the western end of the gap there is a 
prominent butte, comparatively isolated from the range. Seen from 
a distance, where its base disappears, this butte shows itself as a hive- 
shaped projection. East of the gap the range continues again unbroken 
until it falls off steeply at Whiskey Gap. Onthe north side the hills are 
regularly carved by erosion, while to the southward they present a more 
even slope. Between Elkhorn and Whiskey Gaps the rangé is very. 
regular again. According to the nomenclature as applied to this region 
the continuation of the hills eastward of Whiskey Gap is regarded as a 
separate group. It*has received the name of ‘ Seminole Hills.” Topo- 
graphically and structurally, there is no reason why this distinction 
should be made. The two groups belong to the same system in every 
respect. They have undergone thesame dynamical changes, are undoubt- 
edly of the same age so far as elevation is concerned, and the only means of 
separating them exists in the formation of the depression which breaks 
the continuity. The relations of both groups to adjoining localities are 
the same and they are of equal importance orographically. A short dis- 
tance east of Sand Creek Pass our district ends, and the continuation of the 
hills passes beyond it. While the southern slope of this range is compara- 
tively steeper than the northern one along the eastern half, the two are 
nearly alike farther west. Starting from an elevation of about 6,500 feet, 
a long-continued series of ridges slope gently down towards the Sweet- 
water River. In some instances, particularly near the western end of the 
range, the angle of slope becomes steep, owing to the fact that the river 
encroaches upon the hills. Near the little cation of the Sweetwater, about 
west longitude 108° 20’, the long flat-topped ridges begin. They are sepa- 
rated from each other mostly by narrow dry gulches. In case they con- 
tain water, they are usually wider and have flat meadows along the streams. 
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From various points along the crest of the range the regular arrange- 
ment of these ridges can be seen. Extending northward for distances 
varying from 3 to 12 miles, they usually present an unbroken slope. If it 
is broken, they are terraced. At varying distances from the river these 
ridges terminate more or less abruptly and the valley proper begins. 
This is level, and changes in width in accordance with the strata or 
rocks adjoining either side. 

The Sweetwater Hills and their eastern extension, the Seminole Group, 
‘have a trend of nearly east and west, forming the last range from the 
Sweetwater southward to the Union Pacific Railroad. On the first- 
named the highest point reaches an elevation of 9,200 feet above sea- 
level, on the latter an altitude of 9,900 feet. 

Inasmuch as two names have been given to the same range, and have 
been repeatedly published on maps and in reports, they will be retained 
- in the subjoined report. It will there be seen that no structural differ- 

ence justifies the separation, as, too, it is certainly not warranted by 
orographic or topographical features. 


SWEETWATER PLATEAU. 


Looking from Sheep Mountain towards the south and southeast, we 
observe a long line, almost unbroken, of steep white cliffs, resembling 
somewhat the southern face of the Book-Cliffs of Colorado. The edge of 
these cliffs does not run in a straight line, but shows numerous deep 
indentations and projecting sharp points. The general trend is a little 
north of east. Towards the north the slopes presented are very steep, 
sometimes precipitous. Erosion has cut narrow gulches, timbered with 
quakin gasp and spruce into the soft strata. Without many horizontal 
breaks, these faces sweep down in a straight or slightly curved line to the 
lower country, northward. If we ascend the sharply-defined edge, we find 
that it maintains an almost uniform absolute elevation, averaging about 
6,500 feet. To the southward we will see a gradual gentle slope toward 
Sweetwater River. Retaining this character throughout its entire ex- 
tent, I regard the designation ‘‘Sweetwater Plateau” an appropriate 
‘one for this region. The distance of its edge from the river varies some- 
what, dependent upon curves made by either. At some points along 
the plateau-rim, we will find hills projecting above the usual level. In. 
this case the difference of relative elevation is either slight, or the hills 
are formed by some older geological formation than that exhibited on 
the faces of the cliffs. Descending along one of the north to south ridges, 
we find that they are cut off sharply upon reaching the valley of the 
Sweetwater. This plateau, as well as the ridges leading from the Sweet- 
water Hills to the river, owe their formation to a tertiary deposit of con- 
siderable thickness. Speaking from the standpoint of a geologist only, 
the two together might aptly be designated as a “basin,” but the con- 
figuration of the surface is such as to render this term inapplicable. In 
one sense of the word a “ basin” is formed by the gradual slopes towards 
the river, which are exhibited by both sides. Their relations, however, 
firstly to the Sweetwater Hills, and secondly to the low country north- 
ward, forbid their classification as such. The area occupied by this 
plateau extends from a point nearly due south of Sheep Mountain east- 
ward to the terminus of our district. On some maps the plateau-edge 
may be found indicated by notched lines connecting the region of Stam- 
vee through isolated hills, with the western end of the Rattlesnake 

ountains. 
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A decided break occurs in the even slope of the plateau by the unex- 
pected protrusion of a series of more or less isolated granitic ridges or 
hills. About 18 miles above the Three Crossings, on the Sweetwater, the 
first of these hills are noticed. Heavy masses of isolated red granite rise 
considerably above the surrounding tertiary deposits. As we travel from 
that point eastward, the hills make their appearance at shorter intervals, 
and are eventually connected so as to form more or less extensive ridges. 
A short distance below the Three Crossings they assume the type of a 
compact groupe. Connected with each other, to the exclusion of the 
tertiary sediment, the hills here present a very striking appearance. 
They are almost entirely destitute of vegetation, and show peculiarly 
rounded, smooth surfaces. Nearly the whole mass of these hills remains 
north of the Sweetwater, and only small, isolated fragments of the granite 
make their appearance south of the river until we reach the Devil’s Gate. 
Hayden’s Peak is the most prominent one of the group. Cloven Peak is 
another sharply-defined hillin the group. Onseveral mapsthe inscription 
“Granite Hills” or “Granite Ridges” may be found. Itis to be presumed 
that these names were put on rather to convey some definite information 
than to represent the appellation given to the group. The first name, 
however, is a descriptive one, and I have adopted it for these granitic 
exposures. As we proceed still farther to the east, we find the “ Devil’s 
Gate” within the area occupied by the hills. Near the one hundred and 
seventh meridian, Rock Independence, a most famous landmark, is 
located. This is merely a huge block of granite, isolated from the main 
portion of the hills by intervening areas of sand. Northward of the 
Granite Hills the edge of the Sweetwater Plateau continues eastward, 
and this, as well as the hills, extends beyond the limits of our district. 

At the point where granitic buttes first make their appearance they 
are about 8 miles north of the river. Trending in a southeasterly direc- 
tion, they reach it about 12 miles above the Three Crossings. Although 
the Sweetwater usually winds its way around them, it cuts through nar- 
row ridges at a number of places. Most prominent among these is its 
passage through the Devil’s Gate. While the group of hills has, up to 
that point, maintained a course nearly due east.and west, it here takes a 
sudden bend to the southeastward, the river cuts through it, and flows 
onward north of the hills. So far as we could determine from a distance, 
the Granite Hills eventually connect with the eastern extension of the . 
Seminole Mountains. Seen, from long distances, this group presents a 
very rugged appearance. No timber exists on the hills to modify their 
outlines, and the impression obtained is that of a high range. Rising 
abruptly from a very gentle, regular slope, they closely resemble rocky 
islands projecting above the level of the sea. Even in their present form 
do they thus afford a reminiscence of the conditions existing at that 
locality ages ago. 

WIND RIVER RANGE. 


Within our district is included a portion of the Wind River Range. 
All that part lying south of north latitude 43° fell to our share. That 
section of the Rocky Mountain system which has received the name of 
the Wind Rivers forms the continental divide for a considerable distance 
within our district. So far as explored by us, the range is a very typical 
one, regular in its structure and in the distribution of its several mem- 
bers. It may appropriately be divided into three chains—the main or 
western, the chain of foot-hills, and the chain of outlying hills. Of these 
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the first contains the high peaks of the range, culminating in Frémont’s 

Peak, 13,570 (frémont) feet high. Although this is beyond the limits 

of our district, we were enabled to recognize its position from the sum-- 
mit of Snow Peak. On the western side the main chain is accessible 
by way of the ridges extending into the low country. They lead to lower 

elevations without having formed any secondary chain. ‘To the east the 

main chain falls off very steeply, not unfrequently presenting perpendic- 

ular or overhanging walls. From that side the highest peaks of the 

range may be considered inaccessible. Following in a southeasterly 

direction we find a number of high mountains occupying the crest of the 

western chain. As is usually the case in the Rocky Mountains, the 
highest points show about the same altitude, and only a few are found 

to exceed by several hundreds of feet the average elevation. Snow Peak 

is an exception of this kind. Located in the main chain, it rises to an 

elevation of 13,400 feet above sea-level, about 500 feet higher than the 

general altitude of the neighboring summits. From there toward the 

southern end of the range no more prominently high peaks appear, unless. 
we except Stambaugh Peak. Located near the southern terminus of the 

Wind River Mountains, this peak shows an elevation of 12,700 feet. 

The main chain gradually diminishes in height as it approaches the low 

country, and Stambaugh Peak, therefore, appears higher than it really 

is. On various maps the name “ Frémont’s Peak” is placed opposite a. 
number of different mountains. It may be found so as to indicate Stam- 

baugh, or, more frequently, Snow Peaks, and may be seen where no 

prominent peaks occur in fact. Both of the mountains above named 

were ascended by our party, and no evidence of Frémont having been 

there was observed. Besides this, his descriptions do not tally with 

those localities. From Stambaugh Peak the range rapidly falls off, the 

main chain disappears in the foot-hills, and these gradually merge into 

the lower bluff-country. 

- As the chain of foot-hills we may regard a succession of hills, parallel 
to the main: chain, on its eastern side. The steep slopes of the latter 
form a somewhat broken, abrupt depression between the two. Ridges 
ascending from the western base of the outlying hills lead up to the sum- 
mits of this second chain. The highest points are comparatively isolated, : 
being separated from each other by saddles sometimes a thousand feet 
indepth. They were found to reach above timber-line (11,000 feet above 
sea-level) in many instances, and presented bare, sharp points. South-. 
east of Stambaugh Peak, the difference between these two first chains is 
obliterated. A more or less steeply sloping series of hills leads down to 
the lower metamorphie area within which the mining settlements are. 
located. : 

‘The outlying chain may be characterized as one parallel to the two 
just described lying to the eastward of them. It is composed of sedi- 
mentary material, and is analogous to the “hog-backs” of Colorado. 
Presenting comparatively easy slopes toward the east, the descent on 
the western side is steep. Deep, narrow valleys are formed between 
the base of the foot-hill chain and the western edge of this one. Run- 
ning, necessarily, parallel with and between the two chains, the foot- 
hills are cut transversely by the streams issuing from the mountains. 
In a like manner is the outlying chain subjected to breaks of its con- 
tinuity. At some localities the gaps permitting the passage of streams 
are comparatively wide; at others they are merely cafons with vertical, 
walls. Extending along the eastern base of the foot-hills, this chain 
follows the range southeastward to) the -vieimity of Miner’s Delight. 
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_ Passing on, outside of the metamorphic area, it forms the little cation of 
_ the Sweetwater. On the south side of the river it gives rise to the small 
carboniferous hills that have been mentioned in connection with the 
Sweetwater Hills. At that point there can no longer be any distinction 
made between the regular chain and the Sweetwater Range. The two 
merge into each other imperceptibly.. In the vicinity of Stambaugh 
and at Atlantic City the foot-hills have been greatly modified, changing 
into low, rolling hills toward the south and southeast. 

Near the northwestern corner of our district, at the exit of Muddy 
Creek from the mountains, a small, subsidiary range separates itself 
from the western base of the main chain. Diverging with increasing 
distance we find a comparatively level valley of triangular shape in- 
cluded between the two ranges. That designated as subsidiary is com- 
posed of isolated groups or hills composed of red granite. They are 
arranged in an approximately straight line, and evidently formed a con- 
tinuous chain at one time. Northward they form an integral portion of 
the main chain, being absorbed, as it were, within its western slope. 
Toward the south they gradually diminish in height, until the hills dis- 
appear within the rolling metamorphic area. Streams coming from the 
mountains have cut their way through this little chain, completing the 
isolation of the individual hills or small groups, and affording low, con- 
venient passes. . 

. The trend of the Wind River Mountains is very nearly south 45° east. 
Parallel among themselves are the three chains above discussed, until 
they join together in the metamorphic area on the Sweetwater River. 
At the distance of about 28 miles, which we may regard as the length 
of the western subsidiary range, its divergence from the main chain pro- 
duces a valley about 4 miles in width. Topographically considered, 
this short, low chain can be considered as a terminal spur. Taking into 
account, however, its geological structure, it will be more correct to 
regard it as a subsidiary range. The total length of the Wind River 
Mountains is so short that the term “spur” would, perhaps, not be 
properly applied to a series of hills so extensive as the one under con- 
sideration. 

BLUFF-REGION OF WIND RIVER DRAINAGE. 


Beyond that chain of the Wind River Mountains which has been desig- 
natedas “outlying hills” the bluffs begin. In thevicinity of Sheep Mount- 
ain a succession of stratigraphical disturbances have resulted in producing 
a “broken” appearance of the country. This extends over a small area 
only. North and east of that hill the surface of the country resolves 
itself into a series of parallel bluffs. In their general direction they at 
first exhibit a parallelism with the Wind River Range. As we recede 
from the mountains, however, the trend and form of the bluffs is deter- 
mined directly by the character and position of the strata composing. 
them. At some localities the character of the country typically repre- 
sents “terres mawvaises.” Rising abruptly from these low blufi-regions 
we observe the steep edge of the Sweetwater plateau. The lowest eleva- 
tion which we reached in this section of country was on Beaver Creek. 

Along the eastern base of the outlying hills, toward Camp Brown, north- 
ward, the bluffs are located nearer the range. They are very regular in 
their course and form, and, gradually diminishing in height, they extend 
for miles along the Wind River Valley. . 

_ Although we had within our district a large proportion of low, flat 
country, we had a sufficient diversity in its mountainous portions. 
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Sweetwater drainage. 


The Sweetwater River heads about 10 miles northwest of Stambaugh 
Peak in the Wind River region. Flowing through caiions of short 
length and through narrow valleys it emerges from the western slope of 
the mountains into the rolling metamorphic area. Receiving water from 
a large number of swift mountain streams, the river has attained a con- 
siderable size upon reaching the open country. At first it passes through 
a number of small cafons, deeply cut into the schists of that region. 
While within the mountains the river has a course nearly south. This 
is changed to an easterly one after it has emerged into the open country. 
Flowing eastward, south of South Pass City, it is crossed by the stage- 
road. From there on the Sweetwater retains a general course of nearly 
west to east, varying probably 10 miles on either side in its turns. Ap- 
proximately the river follows north latitude 42° 30’. After flowing 
past Camp Stambaugh, about 10 miles south of it, the stream en- 
ters what we have called the Little Sweetwater Canon. It is there 
inclosed by steep walls of metamorphic rocks. At this point we | 
have reached the southeastern termination of the foot-hills of the 
range. A vertical rent in the rocks has opened a passage for the stream, 
which rushes through it with great violence. Descending the rather 
steep slopes of the hills at this locality, a part of which belong to the 
older sedimentary groups, we reach the valley proper of the Sweetwater. 
A few miles below the canon we find Saint Mary’s ranch. This, at the 
present time, presents but the ruins of an old stage station. From there 
the river winds eastward lazily through its valley. Bordered on either 
side by bluffs, the low-land is covered with grass and willow brush. About 
15 miles above the Three Crossings we meet with another small caiion. 
A gap in quartzitic sandstones, sufficiently narrow to force the river 
through it with a rush, is formed by vertical walls about 120 feet in height. 
After tumbling over the bowlders the Sweetwater enters a comparatively 
wide valley, containing an abundance of good grass. By this time we 
have arrived within the Granite Hills. Bordering the river on the north, 
they determine, in a great measure, its course. Following down the val- 
ley, we eventually reach the Three Crossings, located abont at west lon-— 
gitude 107° 45’. Here the wagon-road crosses the stream three times in 
rapid succession, whence the name. A grassy bottom, about 2 miles in 
length, is found on the south side of the river, which closely hugs the 
granitic hills to the north. From that point downward we notice several — 
sharp turns, induced by the projecting or receding masses of granite. In 
a few instances we find that small gaps have been formed in some of the 
transverse ridges. Taking advantage of these, the Sweetwater shortens 
its course by passing through them. Flowing past Cloven Peak, it runs 
closely along the southern border of the granites, until, finally, it crosses 
this irregular range by way of the Devil’s Gate. This latter is a vertical 
opening in the rocks, filled almost entirely by the stream. Perpendicu- 
lar walls enclose the river, rising to a relative elevation of about 400 feet. 
Immediately after passing through the gate the Sweetwater turns to the 
northeast for a short distance, thus effecting a crossing through the 
Granite Hills. By following this turn for about 5 miles we reach Rock 
Independence, located near west longitude 107°. From there the river 
flows about 10 to 12 miles farther to its junction with the North Fork of 
Platte River. It passes through a narrow canon in a series of rapids. 
Here it was that Frémont made his memorable trip downstream, in the 
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rubber-boat he carried with him, which, after successfully passing the 
greater portions of the rapids, was eventually capsized. 

Northern tributaries of the Sweetwater—While within the mountains, 
the Sweetwater receives a number of small streams, which rapidly swell 
its volume. North of South Pass City heads what has been called Wil- 
low Creek. After a short run this discharges its waters into the Sweet- 
water. A short distance farther east, near Atlantic City, Rock Creek 
heads, which joins the river nearly south of Stambaugh. Eastward, 
beyond that point a number of small streams run towards the Sweet- 
water, but only few of them carry any water for the entire distance. 
During the wet season many of them flow freely, but they begin to dry 
up in June. From the plateau we found no water entering the river. 
A number of small creeks exist within the plateau, issuing mainly from 
springs, but they do not carry water for more than a few hundred yards. 
An exception to this rule was found immediately south of the westerm 
end of the Granite Hills. There we observed a stream of some size,. 
having a length of about 16 miles. At a number of points water was. 
found in the run, sometimes flowing, at other places stagnant. From 
what we saw there, we inferred that this creek carried water during a 
considerable portion of the year. At the mouth of the small cafion 15 
miles-above the Three Crossings, this creek flows into the Sweetwater. 
Provisionally, I shall designate it as Heron Creek. No tributaries of any 
importance besides. these were found on the north side of the river. 
The drainage-area of the plateau is not very large, and the character 
of the strata composing it is such that water easily soaks down into 
them. 

Southern tributaries of the Sweetwater.—Few streams, comparatively, 
of any size flow into the Sweetwater from the south. Within the hills 
bearing the same name is the creek on which we camped in the narrow 
Carboniferous cation. Rising in the isolated granitic hills south of the 
river, this creek first follows an easterly course. On its way it receives 
several small branches. A sudden turn changes its direction to the 
north, and it enters the Sweetwater about 8 miles below Saint Mary’s 
Station. At the time we were there, June 30, it carried water through- 
out its entire length. Near its junction with the river the ground is 
swampy, and we found no well-defined mouth of the creek. This stream 
we have named Saint Mary’s Creek. Along the northern slope of the 
Sweetwater Hills there are a large number of small creeks, which start 
in the gulches cut into the slope. As a rule, they only run for a short 
distance, however, soon sinking in the loose soil nearer the river. Wher- 
ever the timber extends far down the slope, there the water will remain 
above ground for some distance. During certain seasons of the year 
several of these streams discharge their water into the river, but at the 
time of our visit (August) we found no water farther than a mile from the 
base of the hills. Still farther east, in Elkhorn Gap, there is a good- 
sized stream, which carries water to the river. Heading on the south 
side of the hills, it curves along their base, passes the middle butte to 
the eastward, and flows through the low gap. Bordered by grassy mead- 
ows and receiving additions of water from a few small creeks, this stream 
runs through a broad valley northward into the Sweetwater. It carries 
water during the entire year, and, judging from the appearance of the 
banks, must form a perfect torrent at certain seasons. It has been named 
West Sand Oreek. As farther west, so the hill-slope east of Elkhorn 
Gap contains a number of short creeks. They carry a plentiful supply 
of water until they emerge from the hills and lose it in the sandy soil 
northward. At about one-third of the distance from Elkhorn to Whis- 
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key Gap we found quite a large stream. It was well timbered with 
cottonwood and showed beautiful glacial moraines on either side. Dur- 
ing the larger portion of the year this stream carries its water northward | 
into the river. Near the base of the mountains we find large meadows 
on the streams, which are generally formed near the confux of several 
‘smaller creeks. Another stream of some size flows northward about 8 
miles west of Whiskey Gap. During the distances for which these streams 
remain within the boundary of the hills they carry clear, good water, 
but they become alkaline after passing through the strata composing the 
Sweetwater Group. These two latter streams we have named, respect- 
ively, Glacier and Lone Rock Creeks. Through Whiskey Gap flows Muddy 
Creck. [ising south of the Seminole Hills, it flows first westward and 
then turns sharply to the north, finally emptying into the Sweetwater. 
Within the gap the water of this stream is clear, but it soon becomes 
muddy after leaving the hills. It is crossed by the wagon-road imme- 
diately outside of the gap. East of Whiskey Gap we have but one more 
stream of importance in our district, Sandy Creek. It heads along the 
slope of the Seminole Mountains, flows through a low pass, and enters 
the North Platte south of the junction of the Sweetwater with this 
river. 
WIND RIVER DRAINAGE. 


Wind River does not reach into our district, approaching it only within 
about six miles. An important portion of its drainage remains within 
the limits of our district, however. Little Wind River, the most promi- 
nent branch, heads in the Wind River Range, north of our area, and 
flows in a southeasterly direction after leaving the mountains. On it 
Camp Brown is located. After passing the post its course is a little 
south of east, until it makes an abrupt turn northward and joins the 
Wind River. This in turn flows in a general northerly direction. The 
name is retained until it passes through the Owl Creek Range, about 
north latitude 43° 30’, when it changes into that of Bighorn River. 
All the remaining drainage belonging to this system, so far as contained 
within our district, consists of tributaries to the Little Wind River. Two 
streams are prominent among them—the Popo-Agte and Beaver Creek. 
The former rises in the Wind River Range, near Snow Peak. As long 
as it remains in the mountains it is known by the name of North Fork. 
Flowing in a northeasterly direction, it passes through densely-timbered, 
very rocky cations. Steep slopes inclose the streams and carry to it swift 
mountain streams. Cutting through the foot-hills, it finds egress by 
way of a comparatively wide opening through the outlying hills of the 
third chain. Emerging entirely from the hills, it flows through a broad, 
fertile valley, and finally enters the Little Wind River as Popo-Agie a 
little south of east from Camp Brown. A stream that in reality is a 
tributary of the North Fork has been called the Big Popo-Agie and Bald- 
wivs Oreek: Tt takes its rise in the range south of that of the North 
Fork, and, following an approximately-parallel course, finally leaves the 
_ mountains. While in the lower country, near the eastern edge of the 
outlying hills, it is jomed by a creek coming from a southwesterly direc- 
tion. Near the confluence of these two streams extensive settlements 
exist. After the junction of the three creeks, below that of the North 
Fork and Baldwin’s Creek, the stream is called simply the Popo-Agie. 
Its largest tributary coming from the mountains is the Little Popo-Agie. 
Heading near Stambaugh Peak, this stream flows in a northeasterly 
direction. After leaving the foothills it cuts through the third chain, 
finding its way along a very fine cation. Perpendicular walls, about 800 
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feet in height, composed of limestone, form a chasm in the outlying hills, 


- through which the stream rushes in a series of rapids and small cascades. 


From there it enters the hilly area surrounding Sheep Mountain, and 
finally emerges into the low country, where it makes a sharp turn north- 
ward and joins the Popo-Agie. During its course the volume of water 
is swelled by several smaller creeks. Twin Creck, rising beyond Miner’s 
Delight, is forced to make a considerable detour before being able to 
pass through the outlying hills. After a passage has been effected some 
distance to the south, this creek flows in an easterly direction. A sharp 
curve to the north carries it along the western base of Sheep Mountain, 
and it eventually empties into the Little Popo-Agie about four miles 
below Eagle ranch. A small creek flowing through the picturesque Red 


- Caiion earries its water into the same stream. Within that area a num- 


ber of unimportant creeks are found, the largest one of which is proba- 
bly Cottonwood Creek, a branch of Twin Creek. From the west Willow 
Creek flows into the Little Popo-Agie. Most of these small creeks carry 
water during the entire year, although in some of them it becomes quite 
muddy during the latter part of the dry season. 

Beaver Creek.—This stream heads a short distance east of Camp Stam- 
baugh. Flowing in a direction a little north of east, it runs through a 
narrow, very pretty cation south of Sheep Mountain. On its course to 
that point the Beaver receives a number of small tributaries. Retaining 
its general course toward the east, the Beaver cuts directly across the 
younger sedimentary bluffs of that region. A sudden turn to the north- 
ward brings the stream into a broad, open valley running parallel with 
the trend of the blufts. ‘rom there the Beaver flows through low, flat 
country until finally it joins the Little Wind River. 

A large number of creeks start along the steep northern slope of the 
Sweetwater Plateau. They belong to the Wind River drainage, but ex- 
cept in particularly wet seasons carry no water into it. As a rule, they 
run but a very short distance, soon sinking in the loose arenaceous soil 
of the lowlands. Many of them have runs of but afew hundred yards 
or even less, being in reality nothing more than overflowing springs. A 
large area of very dry country intervenes between the Sweetwater Pla- 
teau and that eastern tributary of the Wind River, Bad Water Creek. 
This latter is beyond the limits of our district. 


GREEN RIVER DRAINAGE. 


Big Sandy River.—Within our district the Big Sandy is the main 
stream flowing into Green River. It rises northwest of Snow Peak on 
the western slope of the Wind River Range and flows in a general direc- 
tion west of south. Passing through the mountains it has the character 
of a swift mountain stream, carrying a considerable amount of water. Its 


, channel is generally very rocky and the clear water leaps over huge 


bowlders often forming a perfect torrent. Upon leaving the mountains 
it shows a succession of rapids and cascades while rushing through a 
narrow canon in the subsidiary granitic range. From there it flows 
more slowly along the Tertiary bluff country lying between the base of 
the mountains and Green River. This latter stream it joins in about 
north latitude 41° 48’. The Big Sandy, well known in the early history 
of this section of country, has several tributaries to the eastward. 
Travelling in that direction we first meet with Little Sandy Creek. Tt 
rises at the immediate western base of Snow Peak, and flows for some 
distance through a narrow, very pretty caiion, until it empties into Bar- 
ret’s Lake. From there its downward course is rapid. Leaving the 
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mountains it cuts through the granitic range outside and enters the low 
country. Losing much of its water there, it finally enters the Big Sandy 
as. a muddy stream, very wide but shallow. A few small creeks run — 
into this stream after it leaves the mountains, but they mostly carry 
water only a short distance, except during the wet season. Proceeding 
a few miles farther east we find the Dry Sandy. This is a branch of the 
Little Sandy, and, as the name implies, only contains water temporarily. 
Flowing for nearly its entire length through a dry, sandy country, the 
supply received from the mountains is soon exhausted, and nothing but 
a wide bed filled with yellow sand denotes the course of the stream. 
Pacific Creek, located a short distance farther east, is a tributary of the 
Dry Sandy. Rising at Pacific Springs, this creek flows in a southwest- 
erly direction. It contains water through a large portion of its course, 
although it is very alkaline. Father south there are several other 
streams carrying water during some seasons of the year. White Horse 
Creek is one of these. 

Muddy Creek.—Near the northwestern corner of our district is a good, 
sized stream indicated by some maps as Muddy Creek. It takes its rise 
near that depression in the Wind River Range over which the Shoshone 
trail leads. Flowing to the southwest, it rapidly changes its course to a 
westerly one upon emerging from the mountains and passes out of our 
district. 

Packer’s Oreek.—A short distance west of Salt Wells Station, on the 

Union Pacific Railroad, we find a long creek, having its course through 
a wide, nearly straight valley. Its direction is approximately southward 
and it forms a junction with Bitter Creek near the station above men- 
tioned. During the summer the lower portions of this creek are dry and 
water can only be found in small stagnant pools. 
- Sulphur Creek.—Near Point of Rocks, Sulphur Creek joins Bitter, 
Creek. Some of its northern branches extend into our district. While 
most of them are dry, others contain water at local intervals. The 
southwestern corner of the district is very poorly watered, and the tray- 
eller must depend in a great measure upon finding springs or small 
alkaline pools. By following the drainage-courses the latter can fre- 
quently be found. 


DRAINAGE SOUTH OF SWEETWATER HILLS. 


Without the aid. of an accurate map it becomes an exceedingly diffi- 
cult task to convey any definite idea of the hydrological conditions of 
this region. No well-developed system of drainage exists there, and 
the distribution of elevations and depressions varies materially from 
that observed in other portions of the district. The continental divide 
through that section of country follows a line about east 45° south. 
Accepting that position and direction for it, it is determined by the | 
headwaters and upper drainage of Pacific, Packer’s, and Sulphur Creeks. 
At all points within this region the “backbone of the continent” is so 
low and generally obscure, that it really requires careful attention to 
recognize it. Looking eastward from any point of this divide we find 
the streams apparently flowing in such a way as to join Atlantic drain- 
age. Upon examination, however, we here find an extensive depression 
into which water is carried from both east and west, only to sink. The 
Shape of this depression is approximately oval, and is located near the 
one hundred and eighth meridian. Although seareely anything but dry 
washes are met with in this region, it contains quite a number of lakes 
of various sizes. Within their immediate vicinity small creeks may 
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~ sometimes be found, owing to a saturation of the subsoil, whereby the 
water is enabled to remain upon the surface. Without reliable hypso- 
metric data, it is scarcely possible to recognize the character of this 
entire region unless the whole of it has been seen. Were flowing water 
contained in the channels that now appear only as dry gulches, the 
recognition of the characteristics here exhibited would be somewhat 
facilitated. . 

Considering the peculiar position of this basin, between the drainage 
of Green River and that of the Platte, it remains rather doubtful on 
which side of the depression, east or west, the continental divide should 
be located. Considering that the western drainage is perhaps more 
pronounced than that to the east, I have given preference to the western 
rim of the basin. For the purpose of facilitating subsequent description 
I shall apply to this extensive “ sink” the provisional name of Shoshone 
Basin. 

LAKES AND SPRINGS. 


Lakes. 


Wind River Range.—On the eastern slope of this range we find a large 
number of lakes within the granitic area. Most of them are small. 
Dependent upon their position, either in cations or on ridges, they are 
deep or shallow. Perhaps the most picturesque one that we met with 
during our trip through that region is the one upon which we located 
our thirty-seventh camp on July 18. Situated at the lower end of a 
wide green valley, bordered on either side by ridges that rise above tim- 
ber-line, this lake surpasses in beauty of surroundings any we saw on 
the eastern slope of the range. Its elevation is about 10,000 feet above 
sea-level. Game and the striking scenery render the lake a most desir- 
able place for camping purposes. In order to commemorate, to some 
extent, our stay of two days at that locality, and to give expression to 
our appreciation of the vicinity I have given this sheet of water a name, 
Lake Christina. Surrounded by steep rocks and dark timber, many 
of the smaller lakes appear very pretty. The western slope of the range 
does not, perhaps, contain so many lakes, but those we found there 
were very characteristic. Prominent among them is Barret’s Lake, on 
the Little Sandy. Apparently surrounded on all sides by precipitous, 
rocky slopes, this body of water is completely secluded, well hidden 
from the observation of the casual traveller. Its depth seems to be very 
considerable, a fact which is indicated both by the character of its shores 
east and west and by the measurements some fishermen took there. 
Higher up in the range, and farther north, are many small glacial lakes. 
They have been either formed by a dam composed of glacial drift, or 
they occupy shallow depressions produced by the abrading action of 
the moving ice and its accompanying bowlders. Surrounded by rocky 
slopes and scattering timber they present a very definite character. 

Shoshone Basin. —Within the area forming this depression a large 
number of lakes or lake-beds were observed. Usually they occur in 
groups, each individual lake only separated by a short distance from 
the other. Prominent among them is one that we name Trail Lake, from 
the proximity of the Shoshone and Ute trail. It is about a mile and a 
half long and half a mile wide. To the north and northwest of Trail 
Lake there are quite a number of others, furnishing a favorite resort for 
numerous antelopes. Farther toward the east is another series of lakes, 
This was discovered by Frémont during his second expedition in 1843. 
It is located nearly due south of Elkhorn Gap, about 25 miles dis- 
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tant. All of these lakes are shallow and more or less alkaline. Dur- 
ing the dry season, the majority of them dry out, leaving white, fre- 
quently soft, alkaline “flats.” The largest lake of the eastern group we — 
have named ’ Death Lake. 

Sweetwater region.—In the vicinity of the Sweetwater, a number of 
lakes may be found during the wet season. Very few of them had any 
water at the time we were , there. As the river is so near by, they are of 
little importance to the traveller. Their water is scarcely tit to drink 
when it is low, and its existence is not to be depended upon during a 
large portion of the year. Interesting and_ comparatively well known 
to western explorers is the region of Agate Lakes. They are located in 
the immediate vicinity of the. river, north of it, opposite Elkhorn Gap. 
At that locality moss-agates are scattered im profusion over the soil, ° 
whence the name. 

Dispersed throughout the entire area of low country within our dis- 
trict we find isolated lakes. Unfortunately they are mostly dry during 
the summer, but early in the season their presence renders travelling 
“across country” more comfortable than after the beginning of the 
month of July. In the sand-hills south of Sandy Creek Pass a number 
of small lakes were found. 'Theloose material has, in the-course of time, 
become sufficiently packed to resist their sinking. 


Springs. 


Cold Springs.—Within the dry region south of the Sweetwater Hills 
the existence of springs is often an item of personal interest to the trav- 
ellers. It is scarcely possible, however, to furnish any rule expressing 
the conditions under which they there make their appearance. Fre- 
quently they occur near the lakes, and, although the latter may be dry, 

rater can often even then be found in the springs. An unusually green 
growth of vegetation generally indicates their presence. Near Mount 
Bissex we found a spring of this kind at the southern base of the hill. 
At the foot of a hill upon which station 25 was located, a spring occurs 
amid the basaltic rocks, and one lower down in a small meadow. We 
named the former Basalt Spring. On the road from Whiskey Gap to 
Rawlings, Bell’s Spring furnished a favorite camping-place, and on that 
from Sandy Creek Pass to Rawlings Brown’s Spring answers the same 
purpose. Cherokee Springs, near the town, supply its inhabitants with 
water. Not unfrequently springs may be found along the borders of the 
“ sand-belt,” which extends from Packer’s Creel to the Seminole Mount- 
ains. 

On the steep northward slope of the eerie Plateau springs are . 
quite numerous in the narrow gulches which furrow its face. Usually 
they are of considerable strength, and send their water a short distance 
as small creeks. Within the Granite Hills springs may be found near 
the bases of some of the more isolated points. During the hot season 
the majority of them is dry, however. 

In the mountains and along the foot-hills springs are of frequent occur: 
rence. Two very pretty ones were found at Sheep Mountain. One of» 
them was located on the south side of the mountain in the canon of 
Beaver Creek. Clear, cold water issued from a seam in strata of Car- 
boniferous limestones. The other exists at the northern base of the 
same mountain, near Twin Creek. 

The mud springs at Death Lake may be mentioned in this connection. 
Although furnishing no drinkable water and not obeying the same laws 
which usually govern the emission of water upon the surface, they afford 
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_ amost interesting subject for study. In subjoined pages their character 
and mode of appearance will be more fully discussed. 

Two springs of petroleum oceur within our district, one on the Little 
Popo-Agie below the junction of Twin Creek, and the other near Camp 


. Brown. 


Hot springs—The most famous hot spring we met with during the 
season is located about two miles distant (west) from Camp Brown. It 
is a very*large one, of oval shape, about 315 feet in length and 250 feet 
in width. Its average depth amounts to about 18 feet. As a resort for 
rheumaties and other invalids this spring is quite famous. The high 
temperature of its water—108° I’.—and the mineral constituents held ‘in 
solution appear to' exert a very beneficial influence. The second hot 
spring was found near the Beaver Canon, south of Sheep Mountain. It 
is known as the Hot Sulphur Spring. A small basin existed there, en- 
larged but very little by human hands, and the warm water continually 
appeared to be bubbling up into it. Sulphuretted hydrogen gas caused 
the bubbling and made itself decidedly noticeable in the entire vicinity. 
We found the temperature of this spring to be 96° F. In the geological 
report further details referring to these occurrences will be given. 

Mineralized springs—As cold mineralized springs we may regard those 
containing alkaline water. As this is rather the rule, however, than the 
exception in a region so thoroughly impregnated as that where the most 
important springs oceur, there is no necessity of especially enumerating 
them. One which might truly be called a mineralized spring was found 
near the Hot Sulphur. Issuing from limestone strata, it contained con- 
siderable amounts of alkali, ferric compounds, sulphur, carbonic acid, and 
sulphuretted hydrogen g gases. 


INDIANS. 


Within our district lies a portion of the reservation ceded to the East- 
ern bands of Shoshones and Bannocks by the treaty of July 3, 1868, 
and June 23, 1874. While the former reserved for them an area reach- 
ing southward nearly to Camp Stambaugh, the latter restricts their 
southern boundary to within about 6 miles south of Camp Brown. Their 
agency is located about 4 miles from the post. Annually the White 
River Utes make a hunting and trading trip northward to their allies, 
the Shoshones. They travel by what is known as the Ute trail, which 
leads northward in the vicinity of Washakie Station and passes Trail 
Lake. Bands of the northern hostile Indians sometimes travel up Beaver 
Creek, and in several instances, three and four years ago, have interfered 
with the settlers of the Popo-Agies. Seminole and the eastern end of 
Sweetwater Hills were formerly favorite hunting-grounds, but of late 
years the Indians, Cheyennes, Arapahoes, and ‘Sioux have not been 
regular in their annual expeditions to these localities. 

‘During the summer we met with a number of the Shoshones or Snakes. 
They stand in tribal relationship with the Northern or White River Utes. 
For.a long time they have behaved very well, retaining friendship with 
the whites and rendering efiicient service in doing scouting duty to 
military expeditions. In ‘General Crook’s last campaign they have dis- 
tinguished themselves by their fidelity and attachment to the white men 
commanding them. The venerable Wash-a-kie, their head chief, has been 
a staunch friend of white men for many years. To his wise counsel and 
the influence he exerts over the bands composing the Shoshone tribe is 
due, in a great measure, the friendly footing which has been maintained 
between them and the neighboring white settlers. 

In physical appearance ‘and dress the Shoshones seem to be superior 
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to their friends the White River Utes. They have clung more tena- 
ciously to their typical mode of clothing themselves, and their weapons 
are more characteristically Indian. Tomahawks—manufactured in Con- | 
necticut—are frequently seen among them, while the Southern Indian 
has almost entirely discarded this weapon of offense. Bows and arrows 
they often carry, besides rifles, with which they are well supplied. About 
their habits little can be said; they differ but slightly from those of other 
Indians, and are, as usual, greatly modified by the imitation of and 
proximity to whitemen. Their religious exercises and beliefs are strictly 
carried out and carefully guarded from the knowledge of white men. It 
is “‘bad medicine” to allow them to become common property, and many 
a superstitious fancy is connected with the fear of the evil that a pos- 
session of their knowledge by whites would bring the Indians. 


SETTLEMENTS. 


A numer of settlements occur within the district we surveyed. They 
were organized within the past 12 years, and owe their origin to various 
pursuits. Mining and agriculture have attracted the largest proportion 
of settlers, while hunting and the establishment of stage lines has been 
productive of isolated habitations. 

Mining settlements—The settlements produced by the prosecution of 
mining industries are located in the vicinity of Camp Stambaugh. South 
Pass City, 6 miles southwest of the post, was started in 1867, and during 
the early mining excitement of that region a large number of houses 
were built. The town is located in a narrow gulch on Willow Creek, a 
tributary of the Sweetwater. Since the mines have largely been aban- 
doned the inhabitants have gradually left there, seeking localities where 
either labor or merchandise were in greater demand. At present the 
place looks very much deserted. A few stores, two hotels, and a small 
number of dwellings unoceupied comprise the city. Atlantic City, two 
miles from Camp Stambaugh, was started at the same time as South 
Pass. It had reached a smaller development, however, and, owing to 
the vicinity of the post, it has suffered less. In case the mining pros- 
pects should become brighter, both of these towns may rapidly increase 
again. North of the post is Miner’s Delight, a small mining town located 
on a tributary of Twin Creek. Mining is still carried on there to a small 
extent, but the first flush of success is over. The location of this place 
is very pretty, high up in the lower foot-hills, commanding a fine view 
both to the north and east. All of these three places are on the stage 
line from Bryan’s Station on the Union Pacific Railroad to Camp Brown. 

Agricultural settlements—Following from Miner’s Delight the stage- 
road northward we first reached Red Cafion. Here some farming is done 

-on Tweed’s ranch. From there we reach the Little Popo-Agie. <A “ gar- 
den” established by Camp Stambaugh, Faris’ ranch, and Murphy’s 
ranch occupy the narrow but fertile valley of this stream. They ex- 
tend downward to the junction of Twin Creek. To the southward we 
find a ranch located on the Coltonwood, a branch of Twin Creek. Con- 
tinuing on the stage-road for twelve miles from Murphy’s ranch we reach 
Lander’s City. This town is established near the point where Old Camp 
Brown was formerly located, on the Popo-Agie. Extensive farms are 
worked here, and a bountiful supply of timber, for various purposes, is 
obtained from the neighboring foot-hills of the Wind River Range. The 
farms are in a flourishing condition and bid fair to prove a good invest- 
ment of the labor bestowed upon them. On the North Fork and on the 
Little Wind River, below Camp Brown, are a number of ranches. On 
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Sandy Creek, in the Seminole Mountains, the beautiful valley of that 
_ streain is utilized, in part, for farming purposes. Hay is cut at a num- 
ber of localities for supplying the demand created by the existence of 

the military posts, and for shipment to the railroad. In the small valleys 

of the foot-hills near the southern termination of the Wind River Range 
good hay is found, more especially on the Sweetwater drainage. In some 
of the valleys on ‘the northern slope of the Sweetwater Hills, west of 

Whisky Gap, hay is obtained, and also in the meadows of Sandy Creek 

Valley. Near the lakes within the sand-hills south of the Seminole Hills 

grass grows in great abundance, and is cut. The short distance from 

there to Rawlings, about 42 miles, renders that region very eligible for 
such purposes. Much more could be obtained, if the demand warranted 
the transportation, along the Sweetwater River. On the Wind River 
drainage it is cut to supply the stock of the settlers and Camp Brown. 

Timber is obtained in good quality and large quantities from the foot-hills 
of the Wind River Range. From convenient points there it is either 
floated down in the streams or carried by axle. If the population of 
this section of country should increase, the region of the Popo-Agie and 
of its tributaries would be able to supply the demand of farming-products 
for along time. Climate and soil are both favorable, and it requires but 
the industrious hand of man to prepare the latter in such a way as to 
yield him its tribute. 

Stage stations— Along the Sweetwater we find the ruins of the old over- 
land stage-route. At present the road is almost entirely deserted, and 
nothing now remains but a few wails, stumps of telegraph- poles, and 
some wire. The only mail-route now in active daily operation within 
our district is that from Bryan Station, on the Union Pacific Railroad, 
‘to Camp Brown. On the Big Sandy there is the first station, on the Dr y 
Sandy the second, and the third at Pacific Springs. From there the 
stage-road passes "through South Pass and Atlantic cities, Camp Stain- 
bauch, and Miner’s Delight. Beyond that town the next stage station 
is at Murphy’s ranch on “the Little Popo-Agie, and the last one before 
reaching Camp Brown is at the Landers City settlement. Stages leave 
Bryan daily. Between Rawlings Springs and the settlement on Sandy 
Creek a riding mail has been established, making the trip, over 50 miles, 
in one day. 

Hunting camps.—Permanent hunting camps for the season are found 
mainly on the northern slope of the Seminole Hills. They are but few 
in number, however. Fishing and hunting is professionally followed on 
ae western slope of the Wind River Range during certain seasons of 
the year. 


MEANS OF COMMUNICATION. 
Wagon-roads. 


North and south.—The most prominent wagon-road in our district is 
that running from Bryan Station to Camp Stambaugh. It is used daily 
by the stage, and all freight for the settlements passes over it. Emi- 
grants to the Bighorn Mountains utilize this road as the easiest and 
shortest from certain regions. Passing all the towns of the mining and 
agricultural regions, it is a road of ereat importance. Grades are easy 
and the road-bed is in good condition. A branch separates a short dis- 
tance north of the Big Sandy Station, and following a southwesterly 
direction leads to Fort Brid ger. 

From Camp Stambaugh an old wagon-road, scarcely ever used at 
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present, passes through the bluff country. It follows a southward course — 
and reaches Point of Rocks. On some maps it is designated as the 
“proposed route.” West of it is a very old road, deeply worn down into 
the soil, which leaves the Sweetwater River and reaches Fort Bridger. 
This is now entirely superseded by the stage-road. A number of short 
cross-roads, running into the others at acute angles, form connections — 
between them. 

Hast of Elkhorn Gap a road leaves the Sweetwater, gradually ap- 
proaches the hills, and turns southward through Whisky Gap. It fol- 
lows along Muddy Creek for some distance, and finally reaches Rawlings 
Springs. “On the way it passes Bell’s Springs. Starting also from the 
Sweetwater, near Rock Independence, a road leads through Sandy 
Creek Valley, crosses over the pass, and enters the sand-hills. Retaining 
for some distance a southerly course, the road emerges from the sand. 
and passes through the alkaline country in a direction a little west of 
south. Passing Brown's Spring, it finally reaches Rawlings. These are 
the main routes of communication within our district having a north and 
south course. 

East and west.—Near Washakie Station an old road is crossed by the 
railroad. From that point it follows a northwesterly course until it 
reaches a comparatively easy country. Then it strikes westward, finally 
reaching Green River and crossing over to Bryan Station. This road is 
designated on maps as the “old overland mail- route,” or as “‘ Kvans’ old 
route. ” Wherever we found the road it was still ‘plainly discernible, 
although only very rarely used. More important, perhaps, than this 

road is that along the Sweetwater River. Followed for a long number 
of years by emigrants, the road is still more or lessinuse. We reached the 
eastern terminus of our district on thisroad. From there westward it con- 
tinues nearly always in the immediate vicinity of the river, leaving it ima 
few instances for a short distance. From Rock Independence it follows 
up-stream on the south side of the river. Passing the Devil’s Gate, it 
remains on the same side. After leaving the ruins of the stage-station 
at the Three Crossings, it remains on the north side of the Sweetwater, 
but soon crosses over to the south again. At that locality the river 
makes a northward bend, while the road, leaving it, keeps ahead in a 
straight lime. At Saint Mary’s Station it agai is found in the river 
valley. Continuing westward, on the north side of the Sweetwater, the 
road forks beyond its crossing of Rock Creek. One of the branches 
keeps along the base of the Wind River Mountains at first, but gradu- 
ally leaves it, however. The other follows a course south of west, lead- 
ing through the low bluff country. Of these the latter is known as the 
“old emigrant road” or “Oregon trail,” while the former is known as 
the “new emigrant road.” Both of them cross, successively, the Sweet- 
water River, South Pass, and the various branches of the Big Sandy. 

Frémont, during his expedition of 1842, traveled for some distance along 
the new road, and later took the cld one. Near the settlements numer- 
ous local roads are found, connecting either with habitations or are util-. 
ized as hay-roads and wood- roads. 

We find, from this arrangement of traveling routes, that our distriet 
is traversed from north to south by three good roads. The most west- 
erly one of these follows approximately along from west longitude 108° — 
40’ to 109° 40’; the middle one is nearly on longitude 108° 45’; and the 
eastern one near west longitude 107° 25’. From east to west it is tra- 
versed by two roads, the nothern one following along north latitude 429 
30’, and the southern one near latitude 41° 50. 
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Pas. Trails. 


. _ Comparatively few trails are found within our district. Perhaps the 

most important for extensive travel is that: known as the “ Ute trail.” 

Passing the railroad near Washakie Station, it follows a direction west 
of north. Leading through the low, dry country, it strikes the group of 
lakes of which Trail Lake is the largest. From there it continues its 
course, although much obliterated, to Camp Brown. As the wagon-roadds 
frequently follow the same route formerly taken by the trail only, it now 
appears at several places as “cut-offs.” It is used a good deal by the 
Indians, who pass over it while making their visits to each other. With- 
in the low country we find a few short trails leading up cafons or cross- 
ing some of the ridges. Although of some assistance in riding through 
the region, they are of no further importance. Along the northern slope 
of the Sweetwater Hills there are some isolated hunting-trails. The 
wagon roads of that vicinity are so old, that they have been utilized to 
the utter neglect and consequent obliteration of the trails that may have 
existed there. A good trail is found following down Beaver Creek. It 
appears to be a branch of that leading from Washakie to Camp Brown. 
Several ramifications pass through the cafions of the Sheep Mountain. 
region. Important to the Indians, although rarely used by white men, 
is the trail crossing the Wind River Range. Coming from the west it 
reaches the mountains near the exit of Muddy Creek. Following along 
a canon to the northwest of this stream it finally reaches timber-line, at 
the base of a peak which we have named Temple Peak Again descend- 
ing, it crosses the Muddy. Winding along the rugged hills it once more 
emerges from the timber and crosses the continental divide at an eleva- 
tion of about 11,600 feet above sea-level. From there it descends rapidly 
and leads to the agency near Camp Brown. This pasg is known by.the 
name of “‘ Shoshone Trail Pass.” So far as our observations extend, it 
is the most southerly practicable pass across the continental divide for 
the distance that this is formed by the Wind River Range. 


. VEGETATION. 


With the topography of our district varies its vegetation. It is not 
my intention to present a synopsis of all the plants occurring in the re- 
gions we have traversed, but merely to indicate the most prominent 
forms there exhibited by the flora. For comprehensive information 
upon this subject I refer the reader to Frémont’s Report, 1845, and to 

, the Report of Dr. Hayden, 1870. 

In the Wind River Range, at the highest point reached by timber we 
find the characteristic pine which grows at this elevation. Within the 
mountains spruce trees (Abies menzinii) and firs (Abies subalpina) coin- 
pose the main portion of the timber. As we descend, we meet with the 
yellow pine (Pinus ponderosa), which forms very pretty groves. At the 
same elevation we find quaking asp (Populus tremuloides). On some of 
the ridges, and along caiions that contain a good deal of moisture, these 
trees reach a very considerable height. Their light-green foliage and the 
white trunks present a very pretty appearance. On the lower, outlying 
bluffs Pinus contorta occurs frequently. As we descend from the foot- 
hills the character of the vegetation changes. The creeks are densely 
fringed with willow-brush (Salix nigra), which, together with quaking 
asp, furnishes desirable food for beavers. Reaching the bluff country 
we find sage-brush (Artemisia tridentata) very prevalent. Its appear- 
ance usually indicates a dry, sandy region. On some of the blufis of the 
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lower country we find pifions (Pinus edulis) and cedars (Juniperus vir- 
ginianus). Inthe hills near Sheep Mountain we observe the same trees, — 


prominent among them the white pine (Abies Engelmanni). All that 
low country lying east of the Wind River Mountains and north of the 
Sweetwater Plateau contains sage-brush and cactus (Opuntia). On the 
bluffs cedars and pions are very prominent. Cottonwood trees (Popu- 
lus balsamifera) line the rivers or streams, and grease-wood (Sarcobatus 
vermiculatus) is mixed with sage-brush. On the Sweetwater Plateau but 
very little timber occurs, excepting on its northern slope. There pines 
and quaking asp are found in the gulches, while sage covers the inter- 
vening ridges. On the southern slope of the plateau bunch-grass (Hrio- 
coma cuspidata) is abundant, affording good feed for the animals. Along 
Sweetwater River there is but little timber, consisting of cottonwood and 
some spruce higher up. Willow-brush, growing quite high, lines the 
river. In the granite hills we find scarcely any timber, only a few pines. 
Although the elevations at a number of points in the regions mentioned 
were often quite low, we met with no wild fruit except service-berries 
(Amelanchier alnifolia). On Sandy Creek we found large quantities of 
yellow currants (Ribes aurewm) and some black ones (f. jfloridum). 
Gooseberries (kibes hirtellum) occur at several localities, but do not 
ripen until late in the season. Both the Seminole and Sweetwater hiils 
are well timbered with spruce and pine. Cottonwood and asp are found 
in the gulches and low valleys existing in the hills. 

Very little variation is observed in the vegetation of the low country 
south of these hills. Sage-brush occupies the most prominent place, 
growing frequently to very large size. Cedars appear occasionally on 
the bluffs, and near some springs we found quaking asp. Prickly pears 
and round cacti (Hchinocactus) render travelling rather unpleasant at 
some localities within this region. 

Good timber cin be obtained from the foot-hills of the Wind River 
Range on its eastern side, or along its western slope. Within the Sheep 
Mountain Group there is a plentiful supply, but transportation from 
there becomes difficult. Both in the Sweetwater and Seminole Hills 
timber is abundant, and the configuration of the country is such that its 
removal is not seriously impeded. In the Granite Hills the few trees 
there existing are generally stunted, but for building purposes would 
answer tolerably well. No available timber exists in the low country 
south of the Sweetwater Hills or in that north of the Sweetwater Plateau. 
No inducements are there offered to settlers, however, by the character 
of the country, and it is not likely that a demand for timber will arise. 


Light timber can be obtained from the lower portions of the Wind River , 


foot-hills and along a number of streams in that section of country. 


GAME. 


Game is abundant in the district which we surveyed. From June 12 
to the end of the season we were never without fresh meat, although we 
made no especial efforts to obtain it, but merely shot the game when we 
happened to meet it. Hach different type of country is inhabited by 
different animals; and our food was varied, therefore, in accordance with 
the character of the country through which we travelled. Buffalo, the 
largest North American mammal (Bison americanus), were found at 
two localities. On the Little Sandy we met a solitary old bull, who had 
for some time evidently regarded that region as his private stamping- 
ground. On the Sweetwater Hills we saw quite a number of these 
animals. During September and October, sometimes a little earlier, they 
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pass there on their way southward. During the time we were there 
_ (September 7) the largest band seen amounted to about 70 head. Elk 
_ (Blaphus canadensis) occur both on the eastern and western slope of the 
_ Wind River Range. Again, some were seen near Sheep Mountain. Gen- 
_ erally they run in bands, numbering, during the summer, from 10 to 60 
animals. Later in the season they collect together, forming large herds. 
By that time the calves are strong enough to travel with the others. 
On the Sweetwater, above the Three Crossings, some were met with. 
Throughout the Sweetwater Hills, they can be found during the entire 
year. In fall and winter they ave very abundant there, as well as at 
the small groups of lakes farther south during the latter season. East 
of Sweetwater Gap we saw a single herd containing over 400 elk. At 
that time they had just begun to come south. Hunters state that herds 
of several thousand can be found in this region during the winter. 
Black-tail deer (Cariacus macrotis) are found throughout nearly all the 
mountains and hills. On the western slope of the Wind River Range 
they are plentiful. On the northern face of Sweetwater Plateau, and in 
the hills near Sheep Mountain, they can usually be found in small 
guiches containing quaking asp; lying quietly in the shade during the 
heat of the day, they come out of their shelter morning and evening. 
Along the Sweetwater and Seminole Hills, wherever these are timbered, 
black-tail are quite abundant. White-tail deer (Cariacus virginianus) 
are rare in our district, and were seen only once, about 8 miles to the 
southwest of Mount Essex. Sage-brush occurred there of gigantic size, 
mingling with scattered cedars; and the deer were found in these. 
Mountain sheep (Ovis montana) were found at several localities. They 
were met with on the eastern slope of the Wind River Range, above 
timber-line. At the base of Stambaugh Peak, at timber-line, we struck 
a band of-more than 100 sheep. Some that were there shot (July 25) 
showed an exterior coat of fine, light-gray wool, about half an inch in thick- 
ness. At that time they were shedding this wool. On Sheep Mountain 
and in the Granite Hills a few sheep were seen. Antelopes (Aniilocapra 
americana) are by far more numerous than any other kind of game. 
During the season we saw, probably, at a low estimate, 8,000 of them. 
In June and July they are shy, and good shots cannot be obtained with- 
out using considerable precaution. Later in the season they become 
bolder and congregate in large herds. Bands numbering several hun- 
dred may frequently be seen. The greatest numbers of these animals 
we found near the lakes of the Shoshone Basin, on both sides of the 
Sweetwater and Seminole Hills, and on Sweetwater River. In August 
and September they are easily shot, owing to their investigating turn of 
mind, which causes them often to approach a strange object within a 
short distance. 

In the Wind River Range we found a number of the mountain rabbits 
(Lepus americanus, var. bairdii). This is the prettiest rabbit of the West, 
and the best one for culinary purposes. During the summer it is of a 
dark grayish-brown color, light, yellow underneath, but in winter turns 
white. Jack rabbits (Lepus campestris) occur wherever sage-brush is 
found. Their long ears and peculiar, jumping run render tiem a very 
ludicrous sight. Cotton-tail rabbits (Lepus sylvaticus, var. nuttulli) are 
very frequent in the bluffs adjoiniug rivers and streams. Even a long 
distance from water, however, they may be found. Their meat has an 
insipid taste. 

In the mountains and some of the foot-hills, the blue grouse (Tetrao 
obscurus) form an important portion of the game. During the fall their 
meat is better than that of any other game bird. Lower down, along 
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creeks and streams, we find the willow-grouse (Lagopus leucurus), often 
occurring in large flocks. Sage-fowl (Centrocercus wrophasianus) are 
exceedingly numerous in the sage-brush country. Dependent upon a 
water supply, however, they rarely travel far from either springs, lakes, 
or water-courses. We saw flocks, more particularly on the drainage of 
the Big Sandy, that numbered over 100 birds. Owing to their food, 
buds and leaves of sage, the meat of this fowl is frequently bitter. 
Prairie-chickens (Pedicecetes phasianellus, var. columbianus) occur spar- 
ingly in some of the grassy meadows on the Sweetwater. Wild geese 
(Branta canadensis) were found in large numbers on the lakes of the 
Shoshonee basin, and on those occurring in the sand-hills south of the 
Seminole Hills. In one instance we saw them high up in the mountains, 
near the Shoshonee trail. Together with them we usually observed 
large numbers of gray ducks (Chaulelasmus streperus) and of “red- 
heads” (Fuligula ferina, var. americana). Diver-ducks (Mergus, sp.) and 
coots (Lulica americana) generally occur with them. Along the shores 
of the lakes we may see great numbers of various sand-pipers (Zringa 
spp.). Occasionally a heron makes its appearance. On the Sweetwater 
Inany ducks and some geese are found. 

A few other animals, not exactly ranking as game, may be seen in 
considerable numbers in our district. Prominent among these is the 
grizzly bear (Ursus horribilis). Inthe Wind River Mountains we saw two 
specimens, and one in the Seminole hills. We never had occasion to verify 
their reputation for ferocity, finding that after the first shot they gener- 
ally ran away. Squirrels, both red and gray, are found in the timber. 
Poreupines (Hrethizon epixanthus) were often met with on the western as 
well as eastern slope of the range. We noticed that they reached up 
nearly to timber-line. Ground-hogs or rock-dogs (Arctomys flaviventris) 
reach from the lower foot-hills to some distance above timber-line. Their 
shrill, penetrating call can be heard for a long distance, but it requires 
careful and patient watching to get a good shot at them. Brown mar- 
tens (Mustela americana) have their habitations near pine and spruce 
timber, but are difficult to shoot. Above timber-line we find large num- 
bers of the little marmot (Lagomys princeps). Rendered very tame by 
their seclusion, they often crawl out of their rocky homes and attentively 
watch the unusual operations performed by a surveying party within 
their domains. They are exceedingly graceful little creatures, and their 
squeaking chirrup is the only sound heard at very high altitudes. 
Within the mountains we find, rarely, the red fox (Vulpes fulvus, var. 
macrurus). Shy and wary, he easily evades the hunter, and must be 
trapped. Among the foot-hills of the range, and in the Sweetwater 
hills, beaver (Castor canadensis) are numerous. Their dams and the 
work they perform on trees and shrubbery in the vicinity of their hab- 
itations is almost the only evidence of their existence that.is ever seen 
by the traveler. It is an exceedingly rare occurrence to see a beaver 
during day-time. In the foot-hills, particularly in meadows, skunks 
(Mephitis mephitica) are sometimes met with. Their presence is not 
desirable, although the animal is a very pretty one. Wolves (Canis 
occidentalis) are said to occur in the same regions, but we saw none of 
them during the summer. 

Descending into the lower country we find an abundance of prairie 
wolves, or coyotes (Canis latrans). Following the herds of antelope and 
buffalo they catch the sick members thereof, thus eking out an existence 
of questionable happiness. They are rarely seen except where game is 
m the neighborhood. Badgers (Taxidea americana) are frequently found 
along the streams of the low country, living in more or less extensive 
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colonies. They are very hard to kill, and “show fight” to their last 
‘breath. The red fox was observed a number of times on Sweetwater 
River, watching for young sage-hens. Black martens, or fishers (Mus- 
_ tela pennanti), were seen on the same stream. Typical for the low, sandy 
country, and its accompanying sage-brush and cactus, are the prairie 
dogs (Cynomys ludovicianus), replaced in similar resorts in the mount- 

aims by the distinct C. columbianus.,. Living in more cr less extensive 

settlements, both these animals always appear to be busy running from 
_ one hole to another. A small brown owl (Speotyto cunicularia var. hypo- 
geea) lives in the same settlement with them and appropriates such holes 
as have been abandoned. In the same regions we find many specimens 
of the little striped and spotted gopher (Spermophilus 13-lineatus), a most 
graceful animal. Less agreeable to the traveler is the rattlesnake (Cro- 
talus confluentus), which occurs often in very large numbers in these dry 
localities. . 

_ Sand-hill cranes (Grus canadensis) and a few specimens of the blue 
heron (Ardea herodias) were seen on the Sweetwater River. They are 
exceedingly shy, and it requires patient labor to get within good rifle- 
shot of them. 


CHAPTER II. 


GEOLOGY OF THE WIND RIVER RANGE AND COUNTRY 
EASTWARD. 


WIND RIVER RANGE. 


As a portion of the Rocky Mountain system, the Wind River Range 
occupies an important position. Separating the drainages of large riy- 
ers, and forming, as it does, the continental divide for some distance, it is 
one of the key- points to the proper interpretation of our early geographi- 
cal evolution. No question, perhaps, pertaining to the broad views en- 
gendered by the accumulating knowledge of our West, is more important, 
more fraught with interest, than that bearing upon the geological age of 
the Rocky Mountains. Until the entire system is fully known, until the 
results of careful explorations are available, we are forced to base our 
hypotheses upon this subject on disconnected, necessarily inconiplete, 
evidence. Few of the ranges composing the central chain of the Rocky 
Mountains afford so remunerative a field for study as that of the Wind 
River. 

Within the range proper the geological and geonostic features are 
simple, but the eastern base shows arrangements and disturbances that 
would require months, rather than days, fully to be worked out. 


STRUCTURE OF THE RANGE. 


While discussing, in previous pages, the topography of our district, 
the physical appearance of the Wind River Range has been touched 
upon. It will be remembered that it can appropriately be divided into 
three chains. Of thése the main or western chain comprises the most 
elevated points and forms the divide; the second is composed of the 
foot-hills, and the third is made up by the outlying hills along the base 
of the second. During Frémont’s first expedition he traveled along the 
western base of the range, from its southern termination to Frémont’s 
Peak. His course lay, essentially, between the mountains proper and 
that which has above been designated as the western subsidiary range. 
His description of what he terms the “central chain” is very graphic 
and, so far as he has seen it, correct. As the most prominent southern 
point of the range we must regard Stambaugh Peak. Rising to an ab- 
solute elevation of 12,700 feet, its sharply-cut form and well defined 
ridges mark it as an important feature in the landscape. From there 
northward we find that the main chain is marked by peaks of nearly 
uniform height, reaching about 13,000 feet. Within the limits of our dis- 
trict two points rise considerably above this general summit-niveau: 
Snow Peak, 13,400 feet high, and Temple Peak. In cross-section this 
western chain might appropriately be compared to a single saw-tooth. 
Falling off comparatively gently toward the west, its eastern slope is one 
of remarkable declivity. So high, indeed, is the’ angle of this slope that 
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not unfrequently the rocky faces are overhanging. As is usually the 
ease in mountains of so rugged a character, so here, too, we find that 
humerous “amphitheatres” have been formed. Steep slopes descend- 
ing from three sides inclose a more or less regularly shaped area of small 
extent. Enormous masses of avalanchial débris and numerous small 
lakes render the scenery within these depressions singularly wild and 
beautiful. The cations on the east side of the main chain are very steep, 
affording but rarely sufficient room on their walls for the growth of tim- 
ber. A series of cations running parallel with this chain effectually pro- 
duce its orographic separation from the second one. 

The chain of foot-hills directly east of the main-chain presents a some- 
what different structure. Spurs starting from the latter are disconnected 
by the formation of deep, precipitous “saddles.” Rising from these the 
foot-hills reach about to timber-line, or for several hundreds of feet 
above it. Timber-line here follows an elevation of about 11,000 feet. 
From these highest points the ridges, as well as the valleys between 
them, extend eastward with but gentle slopes for some distance. After 
that they fall off steeply. Looking up toward the summit of the range 
from the base of these foot-hills, little will be seen, therefore, but the 
sharp ends of ridges jutting out in comparatively regular arrangement. 
Often the valleys separating the higher portions of these cross-ridges 
are swampy, afiording an excellent abode for the millions of mosquitoes 
which infest that region. A number of the ridges may be connected 
with each other by elevated portions trending parallel with the main 
axis of the range. Deep cations, cutting across the foot-hills, permit the 
escape of drainage from between the first and second chains. Precipit- 
ous and steep near their upper ends, they gradually widen and grow less 
impassable. The streams passing through them receive large supplies 
of water from the ridges which they separate. 

After the first impulse of steep eastern descent is passed, the ridges 
exhibit a more gradual slope in that direction. Secondary and tertiary 
ridges are formed upon their slopes, and small streams flowing toward 
the east are numerous. Owing to the character of the rocks, many lakes 
have been formed, imparting a most pleasing effect to the view. Tollow- 
ing the descent of the foot-hills, which gradually becomes more gentle, we 
find ourselves confronted by steep westerly slopes of outlying hills by the 
third chain. The drainage of the secondary and tertiary ridges above 
mentioned, here turns either to the north or south, joining forces with 
those streams which have passed through the foot-hills in cafons. In 
one instance, that of Twin Creek, the presence of the third chain forced 
the main stream to make a considerable detour before it could resume 
its easterly course. In speaking of the third chain in previous pages, it 
has been compared to the characteristic “hog-backs” of other regions. 
Both by their analogous position, and by their stratigraphical condition, 
is this analogy established. The once-continuous chain has been either cut 
by the drainage, or the strata composing it have parted under the influ- 
ence of some enormous strain; in the latter instance, causing, the forma- 
tion of steep, narrow cations. We find the continuity broken only at 
such points where important streams issue from the mountains in their 
course to the low country eastward. This is essentially a typical feature 
of hog-backs, but the occurrence here is on so grand a scale that the 
term cannot appropriately be applied. While the western slopes of the 
third chain are steep, those to the east are more gentle until arrested 
by the superposition of younger sedimentary bluffs. 

Northwest of our district the western subsidiary range forms a por- 
tion of the slope of the main chain. Near Muddy Creek the separaiion 
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of the two takes place, and the former continues in a southeasterly course. 
It follows a line slightly diverging from the longitudinal axis of the 
main range. We find that the continuity has here also been broken, 
and streams or creeks find their way through the gaps that have been 
formed. 


“GEOLOGICAL CHARACTER OF THE RANGE. 
Prozoie rocks. 


Beginning with the subsidiary range along the western base of the 
mountains, we find that it is composed of a comparatively coarse-grained, 
red granite. Structureless, the hills rise to a relative elevation of about 
1,000 feet. From a distance they appear as if composed of a large number 
of bowlders piled on top of one another. Weathering in rounded forms, 
the hills, in spite of their small size, appear to be quite massive. The 
granite is composed of orthoclase, quartz, and muscovite. Of these the 
former has a flesh color, the second is gray. Admixtures of minute par- 
ticles or erystals of magnetite impart to the rock a bright-red color upon 
exposure. This is the result of a higher degree of oxidation of the 
magnetite. After the hills are fairly separated from the western slope 
of the main range they are bordered on either side by young sedimentary 
strata. As these show a nearly horizontal arrangement, the granitic 
hills appear like islands above them. Extending eastward the granites 
disappear, and schists take their place. So far as could be determined, 
the latter merely form a covering, hiding the former from sight. 

This occurrence of prozoic rocks is one of great interest. Although 
in close proximity to the Wind River Range, this latter shows no granite 
of the same character. In our whole district it appears but twice more, 
and each time it exhibits the same features here observed. The gran- 
itic outcrops near the Sweetwater River, south of Saint Mary’s Station, 
and again a portion of those formed by the Granite Hills show the same 
rock. From this we may argue an existing subterranean connection, 
one which during the earliest periods of sedimentation was exposed and 
unbroken. I regard this granite as the oldest rock in the Wind River 
Mountains, a view which is sustained by an absence of all structure, its 
relative position to the range, and its relations to the undoubted meta- 
morphic rocks farther east. 


Metamorphic rocks. 


Upon examination we found that the prozoie granite above described dis- 
appeared altogether in the main chain, except northward, where it formed 
part ofits western slope. The highest portions of the Wind River Mount- 
ains are composed entirely of metamorphic rocks. Granites mainly, with 
some schists, build up the main chain. In color, composition, and mode 
of weathering the granite here differs from that immediately west. It 
is hard, fine-grained, of white to gray color, and composed of orthoclase, 
oligoclase, quartz, muscovite, and some phlogopite. Within certain 
zones, which are not eutirely constant however, amphibolite replaces the 
micas, either partly or entirely. Syenitic granite or syenite is the rock 
produced by this change. Accumulations of either mica or quartz at 
some localities change the character of the rocks. We have, altogether, 
a typical occurrence of metamorphics, one exhibiting many of the varia- 
tions to which this class of rocks is subject. 

Although special examinations were made to determine whether the 
different mineralogical constitution of the rocks remained constant within 
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certain zones, no applicable data upon this point could be obtained. It 
is evident that the processes producing metamorphism must have in- 
volved a great many factors of enormous power. Certainly one or more 
of these factors resulted in extensive stratigraphical disturbances. We 
find that the granites are flexed and contorted in every possible direc- 
tion. Within the main chain the stratoid segregation of the granites is 
not very completely carried out. It may be noticed, however, that the 
arrangement of constituent minerals indicates the former planes of strati- 
fication. This feature is also demonstrated by the breaking of the 
granite masses. They form sharp, angular bowlders, frequently with ° 
two parallel sides. Within the same block of granite often several litho- 
logical varieties may be found. Inclosures of micaceous or chloritic 
schists, exposed as narrow, ramifying, or simple bands, denote the origi- 
nal planes of stratification. Could they be hewn out of the block they 
would form undulating tablets with parallel sides. As well as on a very 
small scale, we may note the occurrence of this feature in so extensive a 
manner that it affects the structure of the chain. Broken and displaced 
by the violent contortions to which the masses were subjected during 
and since their metamorphosis, the continuity of the entire system is now 
no longer intact. It would require the most careful examinations, con- 
ducted on a liberal scale, as to time, to elicit evidence bearing upon the 
former condition of this metamorphic area.. I am confident that, to a 
certain extent, these examinations could be successfully carried out. 
The establishment of facts that their results would indicate could 
furnish us with a most accurate account of the earliest history of this 
region. 

On the western slope of the main chain we have ample opportunity to 
observe the weathering of these rocks. As a rule they are so firmly ce- 
mentedby the metamorphosing influences that the local predominance of 
one constituent or the other produces no marked result. Erosive agents 
attack the granites but very slowly. While that exhibited by the sub-- 
sidiary range is deeply furrowed, looks old and weather-beaten, the gran- 
ites of the main chain have a comparatively fresh appearance. Hard 
and firm, they are, for long distances, very homogeneous. Breaks of the 
original strata and inclosures of softer rock, provided they are of suffi- 
ciently large extent, have been taken advantage of by erosive agents. 
They probably have first given impulse to the formation of depressions 
that to-day exist as gulches and cafions. Water and moving ice, with 
their accompanying bowlders and gravel, both tend to smooth and polish 
the granites. 

As we leave the crest of the mountains and proceed to the eastward, we 
notice a general change in the character of the rocks. While they have 
been massive and compact heretofore, they now show more decided 
stratification, weather in sharp pinnacles, and form steep slopes or per- 
pendicular walls. Upon examination we find that the purely granitic or 
syenitic character has disappeared to a great extent, and that we have 
before us either schistose granites or typical schists. It is this zone of 
schists, essentially, that gives rise to the steep and precipitous eastern 
slopes of the main chain. The schists may be traced for some distance, 
but eventually their unity is broken and their place is supplied by other 
rocks. Taking into consideration the structural stratigraphy of the main 
chain, we find that the beds dip steeply to the eastward. At some 
localities the granitic masses are so homogeneous that no attempt at strat- 
ification can be observed. It becomes very apparent, however, as soon 
as we reach the schists. Few metamorphic regions can be found where 
the structural conditions of rocks remain uniform even for a short 
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distance. So here, too, we find a large number of extensive displace- 
ments. Enormous fragments have been broken from the main mass and 
have been thrown into regions where they appear, from their relations. 
to surroundings, as total strangers, Some portions have been plicated 
and ‘overturned, presenting features of structure and texture that are 
entirely at variance with those of the vicinity. 

Eliminating such occurrences, we may, from the standpoint of a stra- 
tigraphist, regard the main chain of the Wind River Mountains as a steep, 
anticlinal range, a portion of the anticlinal fold being obscured. It will 
~ be seen that the remaining portions of the range corroborate this view. 

Passing over the “ belt % of schistoid rocks on the eastern slope of the 
main chain, we once more enter a granitic area within the foot-hills. 
Although resembling, to a certain degree, the granites farther west, we 
here find decided differences. Perhaps the most striking is the well- 
developed structure. On the higher portions of the foot-hills this is not 
so noticeable, as their exposed position has necessarily caused serious 
disturbance of the integrity of the stratoid masses. At such points they 
are thoroughly broken, partly by virtue of the prominenee of original 
planes of deposition, partly on account of transverse joints. As we 
descend along the ridges, however, we find the character of this granite 
well exhibited. Frequently quite considerable areas can be seen where - 
the bare rock is exposed. There we note the more or less clearly defined 
stratification, which is evident at a glance. We find that the strata of 
granite retain their easterly dip, which gradually assumes a lower angle 
(from the horizontal). This even slope becomes more prominent as we 
approach the area of unchanged sedimentary beds. An interesting oc- 
currence may be observed in this connection. High up in the foot-hills 
the granite resembles that of the main chain in lithological character. 
Itis generally gray to light brown, contains orthoclase, olig goclase, quartz, 
and muscovite. Accessory minerals consisting of amphibolite, chlorite, 
and—rarely—corundum are found there. Near the eastern base of the 
foot-hills the first sedimentary beds consist of red quartzites. They bear 
ample evidence of having been metamorphosed. Immediately below 
these quartzites we find regular, well-defined strata of reddish and red 
granite. It is coarser grained than high up in the hills, and contains but 
very little oligoclase. From the appearance of the ridges it is evident 
that large masses of sedimentaries, once covering them, have been re- 
- moved. Erosion progressed to such a depth that the hard granites were 
reached, and these now lie exposed upon the surface. At some localities 
it seems very difficult, indeed, to determine where the granite ends and 
the red quartzite begins. The latter fr equently extends in tongve-shaped 
masses up on slopes of the ridges, while they are cut away in the valleys” 
and ecafions. At both of these places the junction-line between the two 
is sometimes very much obscured. Above the quartzites we have un- 
changed sedimentary beds. 

From these observations we are enabled to say, with certainty, that 
the seat of metamorphosing influences was removed in a direction from 
the third chain toward the main longitudinal axis of the range. It may 
farther be said that the direction along which these influences exerted 
their force is determined by lines rectangular to the trend of the third - 
chain and its scattered continuations. 

As we follow the foot-hills in their southeasterly course, we reach a 
point from where they branch off to the eastward. The continuity. of 
the chain is somewhat broken here, but it can readily be traced, more 
particularly by the aid of the sedimentary beds. In this deflection it 
remains parallel with the range. If we examine the conditions existing 
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at the extreme southern end of the Wind River Range, where the transi- 
tion into the Sweetwater Hills begins, we will find: That the granite of 


the subsidiary range has disappeared from the surface; that steeply- 


dipping schists occupy the region where we might expect to find the 
former; that the granite of the main chain, the schistoid rocks of its 
eastern slope, and the granites of the higher foot-hills have sunken out of 
sight; that the granites of the lower foot-hills occupy points of higher 
elevation than they do farther to the northwest, and that the relations 
of the quartzite and unchanged sedimentary beds to the latter are not 
affected. We observe, furthermore, that the character of the schists 
here exhibited is not identical with that observed in the main chain, and 
that their thickness is by far greater. From the relative positions of these 
rarious groups it follows that the schists in question cover the granite of 
the subsidiary range. That of the main chain and of the higher por- 
tions of the foot-hills has probably pinched out in part and lies buried 
beneath the younger masses elsewhere found near the base of the hills. 
In the hills near Miner’s Delight this granite shows a dip of about 25° 
to the eastward and remains conformable with the sedimentary beds 


_ superincumbent. 


Within the area upon which the schists are exjosed, we observe a 
number of varieties. Micaceous and hornblendic are the two chief 
varieties, but gneiss and chloritic schists are not wanting. They dip 
steeply, almost 90°, to the eastward. From the hills south of Camp 
Stambaugh their strike, and in a measure their dip, can be beautifully 
observed. Seen from the summit of some point, the harder strata, 
which have resisted erosion, give the ground a regularly furrowed ap- 
pearance. This extends frequently for some distance, and may be sud- 
denly broken off. So far as could be observed, the dip of the schists 
decreased as we proceeded toward its junction with the younger gran- 
ites. A number of good exposures in small catons furnish ample 
information toward the southern end of the metamorphic area. 

Reviewing in a few words the result shown by all these occurrences, we 
have, following a line from below South Pass to Miner’s Delight, a sinking 
of the oldest granites accompanied by the appearance of younger schists, 
an elimination of the rocks elsewhere composing the central portion of 
the Wind River Range, and arise of the youngest granites of the region. 
lt seeems that the enormous bulk of material from which the rocks com-. 
posing the highest mass of the range was obtained was exhausted near 
this line. The original products of deposition there accumulated had 
come to an end, and only those now represented by the younger granites 
existed at the locality. This condition of affairs permitted the older, or 
probably even oldest, sedimentary products to rise sufficiently high to 
reach to the present surface. Their quantity was not sufficiently great 
to rise to the same elevation that the masses farther northwest reached, 
or we should to-day be without South Pass. From subsequent state- 
ments it will be seen that farther eastward we have an analogous case 
where still another member of this same group disappears. 

An important feature of this older metamorphic area is the existence 
of metalliferous veins. The mines of South Pass, Atlantic City, and 
Miner’s Delight are located in the old dark-colored schists; all of them 
contain gold. This distribution explains why as yet no remunerative 
veins have been found in the metamorphics of the main chains. A number 
of metalliferous veins have there been observed, but none of them carry 
the precious metals in quantities greater than mere traces. A number 
of lodes have been discovered, and some exaggerated reports thereabout 
are current. So far as our observations extend, the metal contained in 
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these veins is simply iron (hematite), with a trace of silver. This char- 
acter alone indicates a difference between the formations containing the 
veins. Jollowing out the lesson taught by the character of these occur- — 
rences, we may conclude that the main chain of the Wind River Range 
will not be found to contain auriferous lodes. They will be confined 
almost entirely to the old metamorphic schists. 

The total area covered by the metamorphic rocks is quite an extensive 
one. Beginning near the northwestern corner of our district their bor- 
der runs along the western base of the Wind River Range near the point 
where the Sweetwater issues from the mountains; the metamorphics 
make a curve to the southward, reaching Pacific Springs. From there 
_ they turn toward the eastward, and end at the Little Caiion of the Sweet- 
water. Curving northward, and afterward to the northwest, they re- 
main inside of the third chain, following a course approximately par- 
allel with the trend of the range. . 

Isolated outcrops occur south of Sheep Mountain. A number of hills 
are found there, having a general trend south of east, which are com- 
posed of granite. It is the same rock which we have heretofere found 
along the base of the foot-hills. These granitic outcrops disappear, in 
part, under the younger Tertiary strata to the southward ; in part they 
are covered by the red sandstone we find at the base of the foot-hills. 

Hither the force which caused the elevation of the Wind River Range 
had spent itself near this point, or the same class of material which com- 
poses the greater portion of the range did not exist here. I am inclined 
to this latter view. We have, as will be seen subsequently, ample evi- 
dence in this region of severe disturbances, but we nowhere find either 
the schists of the eastern slope or the granites of the main chain. The 
granites here totally disappear from sight, and are not found again until — 
they crop out in the Sweetwater Mountains. While this granite once 
more shows itself, the schists of the Camp Stambaugh region do not 
again appear on the surface. During the discussion of the Sweetwater 
area we shall have occasion to enter into these features more fully, as we 
there find the continuation of several important groups. 


PALAOZOIC FORMATIONS. 
SILURIAN. 


Groups of the Silurian formation have been found, with some inter- 
ruptions, all along the eastern base of the Rocky Mountains. Usually 
they are limited to the Potsdam and Calciferous series. In Southern Col- 
orado, strata have been found at Canyon City, Colorado Springs, and far- 
_ ther north, at the eastern base of the Front Range, which belong to these 
groups. From there north and northwest a number of localities have 
been observed where they occurred. We find in our district a discon- 
nected series of Silurian strata. 


Potsdam Group. 


On the eastern base of Wind River Range we observe a hard, red, 
quartzitic sandstone directly overlying the youngest metamorphic gran- 
ites. Extending upward on the gently-sloping ridges at the eastern edge 
of the second chain, these quartzites oceupy positions rendering them 
prominent and of importance in the landscape. Cut away by erosive 

ction they recede eastward in the narrow valleys and cations, but reach 
up for various distances on the ridges intervening. Thus a horizontal 
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projection of their area will be terminated on the west side by a scalloped 
line. From west of Camp Brown these Potsdam sandstones extend south- 

eastward, lying between the base of the second and the western edge of the 
third chain. Comparatively massive stratification is shown by the group. 
Narrow interstrata of sandstone showing a highly argillaceous compo- 
sition produce changes in the weathering of exposed surfaces. In direct 
contact with the most recent metamorphic granites described from this 
region, it is not unfrequently a difficult matter to draw the line of sep- 
aration between the two. Often the junction may be found exposed, and 
there we see, in certain instances, that the quartzites and granites 
blend into each other. Similar cases have been observed elsewhere, par- 
ticularly in Colorado.* 

It is an evident fact that the same influences which have produced the 
metamorphism of the underlying granites have transformed the origi- 
nal sandstones into the Potsdam quartzites. . 

So far as could be determined the dip of the sandstones varies from 
35° to 42°, its direction being determined by a strike parallel to the trend 
of the range. About east of Miner’s Delight the Potsdam Group is hid- 
den from sight by overlying beds. Again it appears on the Sweetwater, 

near what has been designated as the “ Little Canon.” 

The thickness of the entire series may be regarded as varying be- 
tween 180 and 320 feet. In part, this is due to unequal extension of the 
metamorphosing influences, in part to local thickening of the beds. In 
coloring, the sandstones exhibit a number of shades, changing from 
bright red to a dark, rusty brown. Wherever they have been exposed 
in comparatively isolated masses they have lost some of the coloring 
matter and are brownish gray, in rare instances even white. 

Organic remains here, as at many other localities where the group is 
exposed, are limited to a few species. I observed a Lingula (probably 
LI. prima) in considerable numbers, but in a very poor state of preserva- 
tion. Within the same beds, in the Black Hills of Dakota, Dr. Hayden 
found (1857) Lingula antiqua, L. prima, and Obolus oppolinus. (?) Near 
South Pass, on the Sweetwater, he found (1870) Obolellia nana in the 
same beds. 

Near Camp Baker, Dana and Grinnell collected some fossils in ap- 
parently the same horizon. Although the paleontological evidence col- 
lected within this group is meagre at best, it would be sufficient to es- 
tablish the identity of the series, even were not this made apparent by 
its relative position. 


Calciferous Group. 


Usually some representatives of the Calciferous Group may be found 
in connection with the Potsdam. Dr. Hayden, in speaking of the latter 
series, regards the Carboniferous strata as resting directly upon the Pots- 
dam. Professor Comstock takes issue with him on this point. He says:t 
“This, as we shall see, is certainly an error; * * * _ there are 
some indications of the thinning out of the Calciferous beds in the neigh- 
borhood of South Pass, which would partly justify his opinion.” The 
examinations made by Dr. Hayden upon this point were mainly in the 
region of South Pass. At that locality the Calciferous beds cannot be 
recognized. Along the eastern base of the range a number of strata 
appear that may be referred to this group. Toward the southeast they 
thin out and entirely disappear before we reach the Little Popo-Agie. 


* Compare Rep. U. S. Geol. Surv. 1874, p. 211. 
cae upon Reconnaissance of Northwestern Wyoming, 1873. Washington, 1874, 
p- ¢ . 
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It is not an easy matter to make subdivisions in an extensive series 
of limestone strata unless material aid is afforded by paleontological 
remains. 

Resting directly upon the red quartzites of the Potsdam Group we 
find a thin series of sharply-bedded strata. They are composed of blue 
limestones, blue and yellow dolomites, and, locally, of odlitic dolomites. 
Siliceous inclusions of irregular form appear within these rocks, as well 
as higher up. About 250 feet may be regarded as the maximum thick- 
ness reached within our district. A definite thinning out and eventual 
disappearance of the beds may be observed to the southeast. We have, 
in this appearance of the Calciferous Group, evidently the southern 
edge of what appears farther north as an extensive series.* While the 
beds in that direction are very considerably amplified, we find but the 
termination both of horizontal and vertical dimensions of this group in 
our district. ° 

In stratigraphical relations the Calciferous series of this region is en- 

tirely conformable with the underlying Potsdam quartzites. Both dip 
off from the mountains, and both are exposed along a line following the 
general trend of the range. It may be observed that the angle of dip 
decreases very slightly as we approach the lower country to the east. 
Some fossils were observed within the beds belonging to this group, but 
they were so poorly preserved that they could not be identified. Pro- 
fessor Comstock mentions Orthistritonia, Dicellocephalus, and Theca (?) 
as occurring there. As his investigations extended farther northward 
than mine, his opportunity for collecting paleontological remains was 
much more favorable. 

While the Potsdam sandstones are the result—in that region—of-a 
long, shallow shore deposit, extending in a line approximately parallel 
with the elevation of archaean rocks, the waters depositing the material 
which now composes the Calciferous Group approached from the north 
and northeast, extending but a short distance into our district. It is for 
this reason that. we find, firstly, the increased horizontal and vertical 
dimensions of the group elsewhere, and, secondly, the direct superposi- 
tion of the lowest Carboniferous strata upon the Potsdam sandstone 
within the remaining portions of our district. At the period during 
which the later Silurian fauna appeared in that section of country, the 
region where we now find the red quartzites exposed had already attained. 
considerable elevation, thus rendering it impossible that any extensive 
accumulation of Calciferous beds should take place. No evidence was 
obtained indicating a direct removal of Calciferous strata prior to the 
deposition of Carboniferous beds. For this reason the explanation above 
offered suffices for the occurrences noted in this instance. 

Professor Comstock separates a number of strata overlying the last- 
described beds as the Niagara Group. The section which he furnishes 
is obtained from a region west of Camp Brown. To this group he 
ascribes a thickness of 150 feet. I have failed to find any decisive evi- 
dence that would warrant such a division. Paleontological evidence, 
as furnished by the Silurian limestones, is so extremely meagre and un- 
satisfactory that we cannot appropriately apply to the series the same 
rules for subdivision that elsewhere may be definitely expressed. While 
examining the eastern slope of the range I observed the same beds which 
he has designated as Quebec and Niagara, but I am not prepared to ad- 
mit of any subdivision at those localities. We have red quartzites rest- 
ing directly upon the granites, and a series of limestones and dolomites 


*Compare Dana, Report of Reconnaissance of Yellowstone Park, 1875, Ludlow, 
Washingti.n, 1876, p. 133. ; 
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about 250 feet thick overlying them. Toward the north these latter in- 
- erease very much in their vertical dimensions. The work of Professor 
Bradley and others has shown that a continuation of the same Silurian 
- area northward will furnish us with ample material to make the sub- 
_ division more complete. Within our district, however, the group is so 
restricted that this cannot properly be done. I close the Silurian occur- 

_rences of this region with the beds of limestone, dolomitie in part, which 
have been described above. This furnishes for the Silurian strata on the 
eastern base of Wind River Mountains a maximum thickness of 550 feet. 
Near Miner’s Delight this is reduced to about 260 feet, widening some- 
what again farther southeast. 


DEVONIAN. 


Any positive determination of strata as Devonian meets with consider- 
able difficulty along the main chain of the Rocky Mountains. There is 
scarcely an applicable change in the lithological character of the rocks 
composing them as compared to older or younger strata. Besides this, 
we find it to be a widely perceptible rule that the faunal remains of De- 
vonian and Lower Carboniferous strata show a remarkable affinity of 
form. Basing our deductions upon evidence of the latter only, we will 
either generally arrive at no satisfactory results whatever, or we will fre- 
quently be misled. In reference to this point the late Professor Meek 
says:* “They (the fossils) belong, without exception, to genera that are 
common both to the Carboniferous and Devonian, while a smaller por- 
tion of the genera is also represented in the Silurian.” 

Professor Comstock at first referred certain strata occurring above 
what he considers the Niagara Group to the Devonian, but subsequently 
retracted this view of the subject.t 

So far as my examinations extend, I can see no evidence which would 
justify the determination as “‘Devonian” of-any of the strata exposed in 
that section of country. Neither the character of the fossils nor the 
arrangement of beds, as compared to other regions, speak for any such 
identification. Remembering the fact that the region we are speaking 
of is located essentially along the terminal line of the older Paleozoic 
depositions, we will readily understand why certain groups should either 
be wanting entirely or should appear in so subordinate a manner as to 
make their specific recognition an impossibility. 


CARBONIFEROUS. 


Among the Paleozoic formations found within our district, the Car- 
boniferous oceupies the most prominent position. Although closely re- 
sembling in certain of its characteristics the same formation as exhibited 
farther south, we here find some interesting variations. In Colorado 
three divisions can usually be recognized. They are constant throughout 
nearly the entire State, and are, individually, well defined. On the 
western slope of the Wind River Range, and at other localities within 
our district, we are enabled to separate the entire series into the same 
mumber of groups. The term “Subecarboniferous” has been used for 
the purpose of indicating certain beds below the horizons established by 
typically Carboniferous fossils. I take occasion to apply it in the present 
instance for classificatory reasons, but desire to state that the group 

* Rep. U. 8. Geol. Survey, 1872, p. 432. 


t Compare Am. Jour. Sci., vol. vi, 1873, and Rep. Rec. Northwestern Wyoming, 1873, 
Washington, 1374, p. 112. 
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shows paleontological affinities to the Devonian in its lowest mem- 
bers. As the above appellation is here used, it implies a slight separa- 
tion, both lithological and faunal. We have within the region under dis- | 
cussion a succession of strata which can appropriately be separated into 

two divisions. The older one of these I shall quote as “‘Subcarbonifer- 
ous.” This term is synonymous, in this instance, with the ‘‘ Lower Car- 
boniferous” of some other writers, and the analogies will be apparent ~ 
upon comparing descriptions. 


Subcarboniferous. 


Dr. Peale characterizes the Subcarboniferous group of Colorado as 
‘‘mainly massive limestones, grading below into Devonian(?).” This, 
ina great measure, will express the constitution and relation of the 
parallel division near the Wind River Mountains. The third chain of 
the range, which has in previous pages been regarded as analogous in 
structure to hog-backs, is composed of Carboniferous strata. West of 
Camp Brown this chain enters our district and continues well defined 
along the base of the range until it is lost in the scattering hills east of 
Miner’s Delight. If we examine the western bases of the isolated hills 
composing the chain, we will find there the exposures of Lower Carbon- 
iferous strata. 'They are composed mainly of massive beds of limestone, 
slightly dolomitic in part. Interstrata of dolomite and some dolomitie 
shales separate them. Accumulations of arenaceous material within 
certain strata impart to them the character of calcareous sandstones. 
Wherever they rest upon members of the calciferous series it becomes a 
difficult matter to draw the line between the two. It can be accom- 
plished, however, if the latter are followed in a southeasterly direction 
until, finally, the Lower Carboniferous is found to rest directly on the red 
Potsdam quarizites. 

Conformable with over and underlying beds, this series dips to the 
northeast. About 38° may be regarded as the dip angle. Locally this 
is Increased somewhat, more particularly near the ends of the hills com- 
posing the outlying chain. For some distance upwards along the west- 
ern slope of the hills the characteristic, heavy beds, either of gray or 
yellowish color, may be distinguished. The various interstrata are thin, 
and upon weathering show prominently. North of our district, in the 
regions of greater Paleozoic development, Dr. Hayden and others have 
recognized mainly two divisions in the Carboniferous formation. There, 
as here, the line of separation between the two has been dificult to 
establish. No satisfactory division can be obtained in the Wind River 
region by the occurrence of fossils, and I have therefore employed, in a 
measure, the lithological character to furnish it. We find, upon exam- 
ination, that the gray and yellow limestones, as well as the included 
dolomites, disappear some distance above the base of the blufis. They 
are covered and succeeded by massive beds of blue and some almost 
white limestone. At the junction of these two series I place the divid- 
ing line. Besides being thus marked, it is indicated by a change in the 
occurrence of fossils. This change is not so much one of species as one 
of specimens. In the lower group fossils are found but sparingly, but 
higher up they occur more abundantly. Regardimg the termination of - 
the Lower Carboniferous as existing where it has just been placed, we will 
have a thickness of 600 to 700 feet for it. This is subject to some varia- 
tions, dependent upon local widening of certain strata. 

Most of the fossils contained in this series are very poorly preserved, 
in rare instances, only, admitting of more than generic determination. 
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We observed some Spirifers, Orthis, Crinoids, and Orthoceras. In some 

of the calcareous sandstones indistinct remains of fish-scales were found. 
From what has been said of the relative position of the strata compos- 
_ ing this group, it will be seen that in its horizontal projection it essen- 
tially follows the western base of the third chain. Extending from the 
northern border of our district, it remains exposed until hidden from 
sight by the superincumbent Tertiary beds a short distance southeast of 
Miner’s Delight. It again makes its appearance at the Sheep Mountain 
Group. The recurrence there will be the subject of discussion in subse- 
quent pages of this chapter. 


Carboniferous. 


Under this head I comprise the middle portions of the formation. The 
entire series located between the upper limits of the Lower Carboniferous 
and the beginning of the Permian beds is one of great uniformity. Blue, 
massive limestones, exhibiting but few variations, compose the entire 
mass. Near the base of the series, which is located at about the lower 
third of the high, outlying hills, we find that some of the strata still 
retain a slightly dolomitiec character. This is of no orographic impor- 
tance, however, as neither in color nor mode of weathering they show 
any appreciable difference from beds higher up. Ascending towards the 
summits of the hills we find that the strata become very massive and are, 
composed of blue, rarely whitish, limestone. Some strata may be found 
where this is crystalline. Numerous fossils are inclosed within these 
rocks, nearly all of them silicified. This style of petrifaction has resulted 
very disastrously to the preservation of exterior form. Evidently the 
process by which the substitution of silica for the original material com- 
posing the shell was effected, is one of infiltration. Had the progress of 
this replacement been a perfectly regular one, 7. e., had the removed par- 
ticles of calcium carbonate been replaced immediately by silica, the re- 
sult would have been ditferent. Instead of a complete pseudomorph, 
however, we find but partial ones, rendering the details@and often even 
general form of the fossils very imperfect. 

Throughout the limestones of this group we observe large quantities 
of siliceous concretions. They occur in numerous shapes. Hither nar- 
row veins, irregular inclusions, geodes lined with brilliant crystals, or 
seams filling systems of small fissures, traverse the entire rock. Flint, 
jasper, chalcedony, hornstone, basanite, and white or yellow quartz, com- 
pose these included masses. They may be regarded as typical for this 
group of the Carboniferous formations. Although they extend down- 
ward into the underlying strata, they are not found in the same large 
quantities, neither are they so persistent in their horizontal and verticle 
distribution. 

There were but few fossils obtained from this group, owing to their 
mineralogical character.. Among those found were Productus semistria- 
tus, Spirifer, Orthis, Athyris, Crinoids, and near the base Orthoceras. 

Following the Carboniferous group southeastward from the northern 
border of our district, we find that it composes the bulk of the outlying 
hills. Dipping almost uniformly toward the northeast, the angle of in- 
clination is about 36° to 46°. Toward and on the western slopes of the 
hills, we find it somewhat larger than farther eastward. As we proceed 
along the eastern slope of third chain, we find it cut transversely by 
the various streams of the Wind River drainage. First, we cross the 
North Fork, Baldwin’s Creek, and some smaller tributaries. These pass 
through open gaps which break the continuity of the hills. Maintaining 
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a very even altitude, we suddenly come across a deep, narrow gulf in 
the rocks. Through this flows the Little Popo-Agie. The cafion is not 
a straight rent across the strata, but runs in a-zigzag line. This feature’ 
is one endowing it with additional beauty. Regarding its formation it © 
may be said that it can scarcely be considered as the result of erosion, 
but rather as that of seismic action. It is highly probable that other 
passages across this chain owe their present location to the formation of 
fissures which must be ascribed to the same cause. In case these ex- 
tended but a short distance downward, fluviatile erosion would tend to 
widen them, until, eventually, a broad “gate” has been produced. Con- 
tinuing along the hills in the same direction as above, we find that Twin 
Creek is forced to make a considerable detour along their western base 
before it finds apoint where it can cross. Shortly after that has been 
reached we see Tertiary strata covering the Carboniferous and shutting 
their southeasterly continuation out of sight. 

Along the same line of travel we find two further features which 
change gradually as we advance southward. ‘The first of these is the 
decline of dip-angle. While we have, west of Camp Brown, a dip of 36° 
to 40°, we find that east of Miner’s Delight this has decreased to about 
30° to 35°, As arule, the diminution of the angle occurs at a very reg- 
ular ratio. Besides this fact, we notice a change in the relative position. 
of the Carboniferous strata and those belonging to younger groups. West 
of Brown the Mesozoic beds reach upward a considerable distance upon 
the eastern slopes of the hills. Near Miner’s Delight, however, the entire 
slope exposes Carboniferous beds. Although the ratio of recession to 
the eastward is not so uniform as that of the decreasing dip, it is suffi- 
ciently constant to be regarded as a striking characteristic. On the 
surfaces of limestones thus exposed to atmospheric action, we observe 
peculiar results produced by erosion. The impregnation of siliceous 
matter is an irregular one, and its distribution is indicated by the cor- 
rugated surfaces produced by erosion. Numerous white fossils not un- 
frequently cause the formation of small columnar products of erosion 
resembling stylélites. The exposure of Carboniferous rocks, so far as in 
direct connection with the Wind River Range, ends a short distance 
southeast of Miner’s Delight. I have considered it best to treat first of 
those portions most intimately related to the range, before describing 
the isolated occurrences farther east. These latter owe their present 
position to different causes from the former, and are geologically sepa- 
rated therefrom, although geognostically and lithologically identical. 

So far as our observations extend, no strata have been found in con-’ 
nection with the Carboniferous formation that can be proved to be Per- 
mian. Immediately resting upon the limestones we find a series of 
shales, sandstones, and some dolomitic limestones. Although I am not 
prepared to furnish any paleontological evidence of its age, I am inclined 
to separate the group at least provisionally. It will be spoken of in 
subsequent pages as Permian. In case future investigations prove that 
it should not be regarded as Permian, it must be referred to the base of 
the Mesozoic formations. 


PALZOZOIC FORMATIONS EAST OF THE WIND RIVER RANGE. 
Subcarboniferous. 
East of the Wind River Range, Carboniferous rocks have been brought 


to the surface by virtue of serious, more or less extended, stratigraphical 
disturbances. Examining Sheep Mountain. we find that its summit is 


; 


limestones, unchanged, and then by massive beds of blue limestone. 
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“composed of white and light yellow quartzitic rocks. Descending either 
east or west, we observe that these are overlaid, first, by magnesian 


We have, in this instance, a protrusion of Subcarboniferous rocks along 
a definite anticlinal axis. Near the central line of upheaval, we find 
them thoroughly metamorphosed. Toward the north they are soon 
hidden from sight under the heavy limestone strata. Following the 
outcrop southward, we find that the axis of the fold turns in a south- 
westerly direction, exposing the older series on high points. Occasion- 
ally a cafon is cut down deeply through the Carboniferous limestones 
and there again we see the Subcarboniferous strata. The white and 
yellow quartzites of the region are evidently the metamorphosed calea- 


-reous sandstones which have been mentioned in previous pages. Ap- 


proaching the northern edge of the Sweetwater group while following 
the anticlinal axis, we find that not only Subcarboniferous beds lie ex- 
posed, but that Potsdam sandstone and granite make their appearance. 
A few strata above the former might be referred to the Calciferous series, 
but they are very insignificant. Necessarily the area, of these older 
rocks is,a restricted one, as the dips on either side of the axis of upheaval 
are very steep. Younger groups, leaning directly up against the former, 
render their outcrops quite narrow. 


Carboniferous. 


Conformable in every respect with the Subcarboniferous group are 
the limestones belonging to this series. In their general arrangement, 
as well as in their detail features, they show no variation from the char- 
acter as exhibited by the same group farther west. After they have 
disappeared from the surface for some distance, we first find them again 
forming the slopes of Sheep Mountain. Here, as elsewhere, the thickness 
of these massive limestones amounts to about 2,000 to 2,200 feet. Near 
the northern base of the mountain they sink out of sight, but continue 
for some distance on the southern side. Forming there the narrow, 
walled cation of Beaver Creek, they extend south and southwest toward 
the northern edge of the Sweetwater group. In their course they follow 
the anticlinal axis of this region. Owing to a diminishing dip, both 
toward the east and west, they are exposed over a considerable area. 
So far as I could determine, no unbroken surface-connection exists be- 
tween these Carboniferous beds and those of the third chain, so long as 
both remain within the area of Wind River drainage. 

On the south side of Beaver Creek a very interesting series of springs 
was noticed in the Carboniferous limestones. <A gentle slope leads north- 
ward toward the stream from the higher hills along the anticlinal axis. In 
the limestones of this slope we observe a vertical opening. It has the 
form of an ellipse, is about 200 feet long, 150 wide, and 120 deep. Some 
process, whereby a cave of corresponding proportions had been excavated, 
had rendered the roof-rock unsafe until it fell down. The walls of the 
“hole” are perpendicular, and show the influence of chemical action. 
A short distance downward from this opening there is a hot sulphur 
spring. It bubbles up out of the rocks through a deposit of fine sand 
and some gravel, emitting large quantities of sulphuretted hydrogen gas. 
The temperature of the water is $69 F. A few hundred yards below we 
find another spring, containing the same kind of water, but ice-cold. On 
the bottom of the hot spring the pebbles, when taken from it, show a 
thin gold-colored coating. This is very uniformly spread over them, is 
bright, and is composed of pyrrhotite, nearly simple sulphide of iron. 
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‘We notice, occasionally, in this region, as well as farther west, that some 
of the Carboniferous strata contain impregnations of pyrite. A decom- 
position of this mineral, together with such changes to which the adjacent 
rocks would necessarily be subjected, will generate a considerable amount 
of heat. I consider it probable that the former cave, which occurs near 
the springs, at one time contained a reservoir which supplied the latter. 
It is possible that at the present time another one exists, still intact, 
therefore not revealing its presence. This view receives some support 
from the fact that the nearer spring is the hot one, while the other, 
though showing the same composition and passing through the same 
kind of rocks, is cold. 

A section given with the succeeding pages will easily render clear what 
has been said with reference to the stratigraphical features of: the pre- 
ceding groups. They present a highly interesting field for study, one 
to which an entire season could be far more appropriately devoted than 
a few weeks. 


Permian Group. 


Wherever the Permian group has been observed in the West, its defi- 
nition as such has been a matter of more or less difficulty. A want of 
characteristic fossils and the sporadic appearance of the series has had 
to be contended with. So far as any identifications have been made 
which are entitled to consideration, we find that Permian strata occur 
in Kansas, Colorado, and the Northern Territories. Meek and Hayden 
have obtained fossils from the beds, and regard the determination of the 
beds containing them as established. It may be regarded as a rule that 
the group comprises mainly yellow and red sandstones and shales with 
some dolomites. In case these exhibit but a slight thickness, they may 
frequently be overlooked and added to the massive red beds generally 
overlying them. . 

Descending the eastern Carboniferous slope of Twin Peak, we reach a 
low valley trending about northwest to southeast. We find, upon exam- 
ination, that a portion of the slope is composed mainly of reddish and 
yellow sandstones, interstratified with shales. Within the shales we see 
thin banks of hard, crystalline dolomites, and higher up there are thin 
banks of gypsum. The summit of each little ridge is formed by a hard 
sandstone, sometimes quartzitic. Atmospheric action has bleached some 
of the rocks, and they show pink, light yellow, and even white colors. 
Taking this series of strata, which is closed by a massive bed of white 
to light yellow sandstone, as a whole, we find that its main bulk is made 
up of sandstones. Generally these are thinly stratified, containing nar- 
row beds of yellow, pink, and gray shales between them. The group 
rests directly upon the hard blue Carboniferous limestones, and is covered 
by the red beds of Mesozoicage. Estimating the thickness of the group 
near this locality, we may regard it as about 250 feet. Within these limits 
are confined the strata which I refer to the Permian. No fossils were 
found within them, except a few indistinct remains of plants. Dr. Hay- 
den has mentioned, in speaking of the Permian of Kansas, that there 
the upper two or three hundred feet of the group are probably “on a 
parallel with the Permian of Europe.” In vase typical Carboniferous 
fossils extended upward into this series, we would probably have found 
them, and I am inclined to think, therefore, that they are wanting. 
Probably only a very limited flora, with perhaps a few invertebrates, 
existed at this region, and but a smail number of the specimens were 
preserved. 

Following this outerop of Permian to the southward we find that it 


: 
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disappears under the Tertiary beds of the Sweetwater Group. Toward 
the north it can be traced between the eastern end of the Carboniferous 
limestones and the western edge of the Mesozoic red beds. Similar in 
lithological constitution, it closely follows the outlines produced by ero- 
sion in the latter. Subjected to the same effects, these two groups show 
a similarity of weathering and of type of removal that renders the Per- 
mian liable at many places to be overlooked. Northward a thinning 
out of its strata may be observed; but it continues unbrokenly through 
our district to the forty-third parallel. At such points where the Car- 
boniferous strata have been brought to the surface we observe the Per- 
mian strata in the same relative position to them as they are on Twin 
Creek. As arule they have permitted the formation of depressions run- 
ning parallel with the strike of the strata. In order to make clear the 
stratigraphical arrangement of Paleozoic strata along a line from the 
Wind River Mountains to Sheep Mountain, a section is here introduced. 
It will explain more readily than can be done by words the relative po- 
sitions of the groups that have been treated of above. 

The annexed section (Section I) runs from the Wind River Range to 
Sheep Mountain in a direction nearly east. In the western portion of 
the section the arrangement of prepalzozoic rocks is represented. Upon 
the prozoic granite (a) rest the oldest metamorphic schists (). These 
contain the metalliferous veins, which are indicated. Above the schists 
we find the granites (c) of the main chain. The schists forming the 
steep eastern slope (bb) are given. Metamorphic granite (d) forms 
the chain of foot-hills. Descending with this we reach the Potsdam 
sandstone (ce) directly overlying it. A pinching out of the calciferous 
series (7°) has been represented by the two converging lines. Above this we 
find the series of Subecarboniferous strata: (gy) occupying the western base 
of the outlying third chain. Massive beds of Carboniferous blue lime- 
stones (i) make up the main portions of the hill and slope eastward to- 
wards the younger sedimentary region. At the eastern edge of the ex- 
posure of this group we find the Permian strata (7). Above them the 
Red Beds (x). Thus far the dip has been a steady easterly one, its angles 
being indicated on the drawing. ' 

By following the line showing the upper termination of Permian beds 
(i) we will find that the easterly dip gradually diminishes, farther on is 
entirely obliterated, and then turns into a westerly one. We have, then, 
the formation of a synelinal fold within this group. On the line of our 
section the beds are broken off and no connection exists at that point 
with those farther east. Tracing in a similar manner the flexures of the 
massive blue limestone (i), we find that the same conditions exist here. 
When we reach the Subcarboniferous strata (7), we are enabled to form the 
connection to the east. In that direction a sharp anticlinal axis succeeds 
the synclinal fold, carrying the strata up to considerable elevation. The 
culmination of the latter is reached on the summit of Sheep Mountain. 
From there the beds fall off toward both west and east. On the latter 
side we find the counterpart of what was seen from the base of the third 
chain toward the east. Superimposed upon the Permian are a number 
ot Mesozoic formations, which will be considered further on. Through- 
out this entire section the various beds show a remarkable uniformity of 
thickness and lithological character. They are entirely conformable and 
show no disturbances of continuity. Viewing the elevation of Sheep 
Mountain, we see that thereby an S-shaped flexure of a considerable 
thickness of strata has been produced. From evidence obtained in the 
vicinity, we are enabled to say that the Potsdam sandstones are prob- 
are probably to be found directly underlying the Subcarboniferous group 
at Sheep Mountain. 
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REVIEW OF THE PALAOZOIC GROUPS DIRECTLY EAST OF THM WIND 
: RIVER RANGE. 


Although the series of paleeozoic formations east of the range is incom- 
plete, it is rendered very interesting by the regular superposition of its 
members, and by the uniformity with which the different groups partici- 
pate in the effects produced by dynamical disturbances. A table, indi- 
cating the succession of strata, is here produced, which may facilitate 
the comparison of this region with others: 

Permian group : 
Red and yellow sandstones and shales near base. Thin banks of dolomite in 
the shales. Yellow sandstones, partly quartzitic and gray, yellow, and pink 


shales higher up. Sandstones of lighter shades and some gypsum near top. & 
Thinning out toward the north. 


SVWCKMESSELL AE heh chdeearaa cin bere c een eee cee Se arama rei s Larne ee 260 feet, 


Carboniferous group : 
Massive beds of blue, partly crystalline limestones. Near base magnesian 
limestones interstratified with the others. Concretions, nodules, and small 
veins of several varieties of quartz traversing the entire mass. Fossils (sili- 
cified): Productus, Orthis, Crinoids, Orthoceras, Spirifer, Spirigera, and others. 
AL UG) UY E\S| ME ge pana a gS Lely MED tae pi gE My VW RIE Uo os Oy 2,000 to 2,200 feet. 
Subcarboniferous growp : 
Dolomites and dolomitic limestones near base. Calcareous sandstones and 
some yellow and brownish shales interstratified. General color of the rocks 
yellow and gray. Some of the strata blue. Concretions of quartz not so 
frequent as in the preceding group. Fossils (mostly silicified): Spirifer, 
eee Crinoids, Corals, Orthoceras, Productus, Chonetes, Spiriferina, and 
- others. 
MUNTOMESS). Ak ik uchin ied eeeeae mietGiabe ate’ oa, cratic forscialae Hopi cipene eet 600 to 7 00 feet 


_  Calciferous group: 

Blue and whitish limestones and dolomites. Oolitic in part. Interstratified 
with some thinly-banded shales. Fossils: Orthistritonia, Dicellocephalus, 
Theca (?), Corals, and others. (Gradually pinching out to the southward.) 
MIRRORS c/o ose a lh OI eC rs OL aye i Sci aSCeR  NS ee e 220-280 feet. 


Potsdam group: 
Massive and thin beds of quartzite. Color varies from bright red to deep rusty 
brown. Narrow interstrata of dark brown metamorphosed shales. Rests 
directly on the granites. Junction-line often obscured on account of meta- 
morphism. Fossils: Lingula, Obolus, Obolella. Thickness...........280 to 320 feet. 
Total thickness of paleozoic formations east of Wind River Range..3,350 to 3,750 feet. 


MESOZOIC FORMATIONS. 


TRIAS. 


In Colorado and at other localities we are accustomed to regard the 
extensive series of “ Red Beds” as Triassic. Thus far no paleontological 
evidence has been adduced in direct support of this view. Examining the 
lithological character of the series, we find that it closely corresponds 
with that exhibited by the Keuper of the Huropean trias. This latter, 
similar to our Red Beds, is totally devoid of fossils through about five- 
sixths of its vertical dimension. As we cannot, however, utilize such 
similarities for the purposes of establishing identity of formation, we are 
forced to regard the definite geological position of the Red Beds as 
unsettled. With this proviso, we shall speak of “ Triassic” strata in this 
report. Subsequent investigations may produce material which will 
confirm the views provisionally held, or they may radicaily change them. 
A large proportion of the fossils that might be expected to occur in the 
Red Beds, will probably prove, if found, either to offer but little infor- 
mation or to simply afford ample material for discussion as to their cor- 
rect interpretation. - 
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Within our district the Triassic beds have reached a good development 
and are exposed very frequently. One of the best known occurrences 
east of the Wind River Range is that of Red Cafion. If we stand on 
Twin Peak and look towards the northeast, we will have before us a 
gradual slope down to the narrow valley of Deep Creek. Rising imme- 
diately upon the eastern bank of this small stream we see a steep red 
wall, continuing for the distance of several miles. The remarkable bril- 
liancy of color renders it a very striking feature of the landscape. An 
examination of this wall will reveal the fact that it is composed almost 
entirely of bright red shales and sandstones. Near the base of the series 
we find red sandstones, highly argillaceous and rather thinly bedded. 
A little higher up the strata grow thicker and somewhat coarser. They 
are separated from each other by thin layers of very fine-grained shale. 
Thus far we have seen about the lower third of the group. Above that 
thick beds of red shale set in, weathering in characteristic forms. Numer- 
ous vertical seams aid the progress of erosion. Near the top of these 
shales we find thin beds of sandstone, more or less coarse grained, usu- 
ally red, but sometimes pink and white. Throughout the shales we meet 
with narrow “ledges” composed of very compact gray and yellow dolo- 
mite. Small cavities and seams in them are lined by crystals of the 
same mineral. Above the shales and thinly bedded sandstones, we 
again observe massive strata of the latter. Shales close the group. 
Both near the base and the top, isolated layers of pink and white sand- 
stones may be noticed. As a rule, we may accept two horizons for 
coarse-grained sandstones, although they are essentially a local product. 
Near the base, and again im the upper third of the series, they are found. 
The thickness of the Triassic beds at this locality may be regarded as 
about 800 feet. 

In this region, as well as elsewhere within our district, we find the 
Red Beds directly overlying the Permian strata, and covered by Jurassic 
limestones. From the section previously given, it will be seen that the 
Triassic beds (k) are perfectly conformable with both under and overly- 
ing groups. Following the outcrop southward from Red Cation, we 
find that the red sandstones and shales retain a prominent position until 
closely approaching the Sweetwater group. There the southwesterly 
direction of the anticlinal axis causes a preponderance of paleozoic 
rocks, the greater portion of the younger groups disappears, and the Red 
Beds are crowded into a narrow space. Finally they disappear under: 
the Tertiary strata, not again to be exposed until many miles farther to. 
the eastward. North of Red Cafion the Triassic strata first make a turn 
which brings them high up on the eastern slope of the third chain.. 
Receding again they form a series of bluffs along the base of this chain 
until they pass beyond the limits of our district. So far as the out-crops. 
have been described the strata have a general dip east and northeast, 
amounting to 32° to 36°, At the highest point reached by them this. 
angle is somewhat increased. 

We find that along this line of exposure the Triassic strata presents. 
butasmallarea. Rapidly removed by erosion on the west side, they are: 
covered by younger formations a short distance eastward. Reverting 
again to Section I, it will be seen that the Red Beds form prominent bluffs 
on cither side of Sheep Mountain. On the east side they present a 
steep, quadricircular wall similar to that on Deep Creek. From there- 
southward the bluff-line follows the strike of the Carboniferous lime- 
stones, until finally both are lost under the beds of the Sweetwater 
Group. North of Sheep Mountain we find different conditions, however. 
A thickening of the entire series is noticeable, which reaches over 1,000 
feet. Following down Twin Creek toits junction with the Little Popo-Agie, 

6GSs 
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we find ourselves very nearly on a line with the anticlinal axis which is 
marked by such prominent results farther south. The Carboniferous 
beds have sunk out of sight with the exception of those belonging to the 
Permian group. Near the junction of Cottonwood with Twin Creek they 
too disappear. Approaching the Little Popo-Agie we find ourselves once 
more standing upon Permian strata, while Triassic beds flank Twin Creek 
oneither side. Here, evidently, the force which produced the anticlinal 
fold asserted itself with great violence. Although the Carboniferous lime- 
stones do not again appear, the red beds occupy prominent positions on 
the high bluffs they form near the junction of the two streams. At this 
locality the amplification of Triassic strata can be well observed. Near 
their base thick beds of gypsum set in, measuring sometimes 4 and 5 feet. 
Gypsum, when stratified, is essentially a local deposit, and we therefore 
find the beds thinning out rapidly in every direction. At the junction 
-of Twin Creek and the Little Popo-Agie the axis of the anticlinal fold 
makes a turn to the northeast, and is soon lost entirely. On the Big 
Popo-Agie it appears again, exposing Triassic beds to view. In subse- 
quent papers this interesting stratigraphical phenomenon will be dis- 
cussed more connectedly. 

About two miles below the entrance of Twin Creek into the Little 
Popo-Agie we find a very fine petroleum spring. It is located on the 
south side of the last-named stream, issuing from the base of a small 
bluff there. During the hot season the oil appears to flow for some dis- 
tance. It has saturated the sand and gravel in the valley, in some in- | 
stances firmly cementing it. Evidently the spring has been active for a 
long period of time, as we observe the coagulated oil on the northern 
‘side of the stream. This at the present time is shifting its course in that 
direction; consequently. the oil at present found there must have been 
‘deposited a very long time ago. For some distance the smell of petro- 
leum indicates the presence of the spring. Its location is convenient 
and the oil of sufiiciently good quality eventually to prove valuable. 
So far as my examination extended, it appeared to me that the petro- 
leum must collect from the various deposits of shale in that region, 
thus rendering its point of outflow one rather determined by accident 
than by an extraordinarily great impregnation of the rocks found in its 
immediate vicinity. 

JURA. 

Generally the strata of variegated shales and marls, associated with 
Some limestones which are found superincumbent upon the red beds, 
‘have been regarded as Jurassic. In Colorado and other localities south 
-of the forty-second parallel, fossils have been obtained which render this 
determination justifiable. Within the Northern Territories Dr. Hay- 
den and others have found fossils which tend to show that the faunal 
development of the Jura there more closely coincides with that of Kurope 
than farther south. Several species have been collected which belong to 
European genera and are scarcely specifically separable. 

East of the Wind River Range we observe a number of exposures 
‘belonging to this formation. Resting directly upon the uppermost red 
Shales of the Triassic strata, we find a narrow band of dark, calcareous 
Shales. These are covered by several prominent banks of dark-blue and 
gray limestone. For some distance upward follows a succession of 
Shales and limestones. Isolated interstrata of light yellow or white sand- 
Stones appear above this in some yellow marls. Higher up, yellow, pink, 
greenish, and white marls and shales close the formation. A thickening 
of the strata may be observed as we approach Sheep Mountain. For 
the entire Jurassic seriés, so far as it enters into consideration in this 
chapter, we may accept a thickness of 200 to 220 feet. ; 
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_ In the lower, heavy banks of dark limestone as well as in the higher 
ones alternating with shale, we find innumerable fossils, Though the 
most diligent search was made at a number of localities, we could find 
but very few species. Dr. Hayden in 1857 obtained a good series in 
the Black Hills. During 1872, additional collections were made by the 
members of his survey in the Northern Territories. From these it ap- 
pears that the conditions requisite for sustaining a more varied fauna 
were favorable in those regions as compared to the one at present under 
consideration. We found large numbers of a Pecten (Camptonectes) closely 
resembling P. glaber of the European lower Lias. ‘Two species of Belem- 
nites, resembling B. brevis and B. acutus, were associated with the former, 
and very abundant. Gryphca, related to G. arcuata, but smaller, occurred 
sparingly. Comstock, farther north, obtained Lingula, Rhynchonella, and 
Modiola. _ Although the fossils found are not what might be expected or 
hoped for, they are sufficiently characteristic to characterize the age of 
the formation—if taken in conjunction with other points—beyond doubt. 
Although we found Jurassic exposures many miles apart, the arrange- 
ment and mode of occurrence of the fossils did not vary. 

_ Inits surface appearances the Jurassic series closely follows the Red 
Beds. Wherever the latter are exposed, there we find the former. Tak- 
ing part in the various plications and flexures to which the older series 
is exposed, we always find the characteristic dark limestones and light- 
colored marls associated with it. Toward the east a slight increase of 
thickness may be observed, but so far as the strata were exposed within 
our district it is unimportant. 

Besides the regions which have heretofore been mentioned as showing 
outcrops of Mesozoic formations, there is still another within the area of 
Wind River drainage. This is located along the edge of the Sweetwater 
Plateau,. about north of the western terminus of the Granite Hills. 
There we find an anticlinal fold which has produced very marked effect. 
The Palezoic rocks have been raised to considerable elevation, and now 
are seen as hills on the plateau. A little north of the edge of the latter 
the upheaval terminates, and there we find the Mesozoic strata resting 
on the Carboniferous, in a partiversal arrangement of dip. As this is a 
steep one, the beds soon disappear under younger ones, and the former 
continuity of the Cretaceous beds is reéstablished. In the Sweetwater 
Hills we find the southeastern extension of both Trias and Jura, occur- 
ring there in the same relative positions as directly east of the Wind 
River Mountains. . 

A section (Section Il) extending from Sheep Mountain along Beaver 
Creek down stream as far as our work carried us, will represent the east- 
ern slope of the great anticlinal fold. The lettering is the same as on 
Section I, new designations having been added for those groups not 
above included. We find in this section a decided amplification of the 
Triassic group (k). Above the bright-red shales we observe an extensive 
series of light red, and yellow, and some white sandstones. While the 
lower mass remains tolerably constant in its vertical dimension, this addi- 
tion increases the total thickness about 300 to 400 feet. Above the varie- 
gated sandstones and shales of this upper group we find the Jurassic 
limestones and marls (7) directly overlying. From the section will be 
seen the gradual decrease of dip as we proceed northeastward. This 
line of sections carries us beyond a point where the effect of the upheaval 
near the Sweetwater Plateau could be felt. Resting on the Jurassic beds 
we observe the three groups of the Cretaceous formation. They are con- 
formable throughout with older rocks, and tend to assume horizontal 
stratification as they pass into the low country nearer the main drainage. 
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By supplementing Section I with Section II a view of the entire series 
of conformable sedimentary strata may be obtained. 


CRETACEOUS. 


In discussing the Cretaceous groups of this region, I shall make use 
of the same nomenclature that has generally been applied to the same 
series in Colorado. The original five numbers into which this forma- 
tion was separated are reduced to three. No. 1 remains intact and is 
designated as the Dakota Group; Nos. 2 and 3 are comprised under the 
name of Colorado Group, and Nos. 4 and 5 form the Fox Hills Group. 
This division is one which can readily be carried out in the field, and it 
expresses the most natural classification of the entire group at many 
localities. Cretaceous strata occupy a prominent area on the Wind River 
drainage. Thoroughly regular in their arrangement, except where they 
take part in the disturbances which have so seriously affected older beds, 
they reach far eastward into the lower country. Showing asmaller vertical 
development than farther to the south, the individuality of the groups 
is nevertheless preserved. Not only is it apparent in the successive ar- 
rangement of strata, but many of the detail features, such as produced 
by weathering, are strikingly similar. A deplorable want of good fossils 
is felt throughout the entire formation. Fortunately this interferes but 
little with the identification of the groups, as they are sufficiently charac- 
teristic to be easily recognized. 


Dakota Group. 


Resting directly upon the upper light shales and marls of the Jurassic 
series we find a succession of yellow and brown shales, interstratified 
with sandstones of the same color. In these shales, above some of the thin 
beds of sandstone, we find slight indications of coal. The seams are but 
halt an inch in thickness, and the coal is of that variety called jet coal. 
Higher up the sandstones predominate, separated by thin layers of ho- 
mogeneous, dark shales. Near the top of the group we once more find 
a heavy bed of shale, which is covered by massive white, yellow, and 
brown sandstones. A small thickness of arenaceous shales closes the 
group. This is the general section of the Dakota as exposed west of 
the anticlinal axis. In some of the upper sandstones indistinct remains 
of plants were observed, and in the higher shales occurs a Gryphea. For 
the total series we can accept a thickness of about 400 feet. 

In Colorado the Dakota Group usually occupies a prominent position, 
but here this is not the case. Forming a low, long-continued ridge, the 
members of this series trend about north and south on the plateau-like 
elevation between Sheep Mountain and the base of the third chain. To 
the southward the group pinches out horizontally, owing to the change 
in the direction of the anticlinal axis. Following it north, we see it in its 
normal position accompanying the Jurassic beds. Within the areas of 
vertical distur bance the Dakota, overlaid by Colorado shales, takes part 
in all theflexures and plications. In consequence of this fact, the horizon- 
tal projection of the series assumes a curious shape. Between the an- 
ticlinal axis and the outlying hills we find two diverging lines of expo- 
sure, trending northward. After crossing the little Popo-Agie, the one 
runs upward toward the hills; the other takes part in the westerly dip of 
strata near the mouth of Twin Creek and subsequently joins the first. 
Another line of the outcrop occurs parallel to the anticlinal axis, and 
east of it. From there the Dakota beds dip under the younger groups 
and are lost, until once more appearing at the terminus of the anticlinal 
fold near Sweetwater Plateau. A glance at the two sections above 


cl 


‘giiucn] EAST OF WIND RIVER RANGE—COLORADO GROUP. 85 


furnished will indicate the stratigraphical conditions ot the Dakota 
Group (m). The easterly dip toward Sheep Mountain amounts to 12° 
to 15°, gradually diminishing. Before long we reach a point where 
the dip is zero, and after that find it reversed. Near the mountain it 
increases to about 40° westward. On the eastern side it is again 
gentle, approaching the horizontal as we enter the lower country. In 
this region a slight increase of the total thickness of the group may be 
noticed. 
Colorado Group. 


Directly overlying the upper arenaceous shales of the Dakota Group 
we find an extensive series of dark gray, slightly calcareous shales. 
They are thinly laminated, easily eroded, and become light gray or 
white upon exposure. Covering the highest portions of the region lying 
between Sheep Mountain and the base of the third chain, they present 
comparatively steep bluffs parallel to their strike, and rounded surfaces 
along their dip. A few banks of argillaceous limestone may be found 
within them. The entire group is a very characteristic one, readily ree- 
ognized. Its thickness in our district amounts to about 600 feet. With- 
in the upper third we observe that the shales become somewhat more 
arenaceous than lower down. Evidently this is a deposit which acen- 
mulated in very deep water. Unfortunately no fossils were found except 
a few fragments of Ostrea, resembling congesta and Inoceramus. The 
position of these shales (x) may be seen from Sections I and II. As the 
youngest member shown in the first section they appear at an elevated 
point. From there southward they soon end. Northward they follow 
the Dakota Group, taking part in the various disturbances of the region. 

As these grow less prominent and shift toward the northeast, the 
area covered by Colorado shales expands somewhat. Near Camp Brown, 
about 6 miles distant, we find acold sulphur spring, which seems to take 
its rise in these shales. In this connection may be mentioned the fact 
that the Colorado shales must be regarded as a very prolific source for 
alkaline compounds of a highly soluble nature. Within the shales we 
frequently notice small inclusions of pyrite. Upon decomposition of both 
this and the shales various salts are formed. When the two are in close 
proximity we obtain sulphates, otherwise mainly carbonates and some 
chlorides. 

East of the anticlinal elevation the Colorado shales gradually diminish 
their dip and are finally covered by the succeeding Cretaceous group. 
They form barren bluffs, steep, usually, on the side where the edges of the 
strata are exposed; less so along the dip. Bunch-grass, pifons, cedars, 
and sage-brush comprise the main portion of the vegetation on such 
bluffs in the regions of low elevation. Fluviatile erosion attacks the 
shales very rapidly and often carves them into very beautiful miniature 
ranges, ridges, and valleys. 

Fox Hills Group. 


In Section I the Fox Hills Group no longer appears. Some distance 
north of the Little Popo-Agie it sets in, however. Resting upon the gray 
shales of the preceding group we find brown and yellow shales inter- 
stratified with thin beds of sandstone. Some of the shales are very dark 
and carbonaceous. In the lower portions of the Fox Hills I did not find 
any properly developed coal-seams. Above this alternating series we 
met with a considerable thickness of yellow and brown shales. Asa rule 
they are arenaceous, but some of them seem quite free from sand. Small 
particles of mica occur throughout. Higher up, sandstones set in again, 
containing, together with. thin seams of shales, small deposits of coal. 
None that I have seen were workable, but I am informed that they are 
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found of sufficient thickness near the Big Popo-Agie. The upper termi- 
nation of this group is formed by thinly bedded, micaceous and argilla- 
ceous sandstones covered by a thick stratum of the same material. We 
may regard about 500 feet as the total thickness of this group. Fossils 
are very scarce, consisting in Jnoceramus and some poorly preserved — 
plants, so far as we could determine. : 

Beginning north of the Little Popo-Agie the Fox Hills series can be | 
found to extend northward in a broad band, reaching beyond Camp 
Brown. It is but slightly affected by the anticlinal upheaval, although ~ 
its connection eastward is thereby broken. East of Sheep Mountain the 
group sets in after we have reached the typical bluff country. As indi-. 
cated in Section II, it dips gently toward the northeast (0), gradually 
assuming a horizontal position. After forming a prominent row of bluffs 
and several smaller ones, it is hidden beneath younger Post-cretaceous 
and Tertiary strata. : 

About 2 miles west of Camp Brown we find a very interesting hot 
spring, rising in the beds of this group. It is known as the Hot Sulphur 
Spring. Within an elliptic basin, 315 feet long and 250 feet wide, the 
bright green and blue water is contained. -A constant bubbling up of 
carbonic-acid gas gives it the appearance of boiling. So far as deter- 
mined, the mineral constituents held in solution by the water are iron, 
lime, magnesia, soda, and potash. They seem to be contained in the 
form of sulphates, carbonates, and chlorides. For the bather the water 
is very warm, and a stay of only a few minutes will suffice to satisfy all 
desire for a warm bath. From a report furnished by Dr. T. G. Maghee, 
U. S. A., post-surgeon at Camp Brown, to Dr. Heizmann, U. S. A., I 
extract the subjoined tables of temperatures.* 


Pompersture +08 vee 
4 E springs, in degrees Fah- 
Daily mean, Bonet: i 
Date. in degrees} | 
Fahrenheit, 


At the shore. |In the centre. 


1874. 

IMEC 18: Sf GOS ek PE 4 eye OR eg eae ee 16. 00 106.8 109. 0 
SOON So aC ge MRI Mo RECS cS IRS 13. 33 104. 0 106. 0 
DOE ENG eet | So MRR BUEN ce cual 24. 33 107. 0 108.8 
rs LA ed PENT CU era RO”) 2, PPS SM ON 2 18. 00 107. 8 109. 0 
SNA a A lake MMMM RE CT 24. 33 106. 4 109. 4 
OE Wie Ci ae MM YL. 1.002, Cea aa aS 29. 66 107. 2 109.8 
EIEN ey RET LEROY. | TT Soe RN NS Uo 32. 00 106. 4 18.9 
Se cep aeD AMET (hk. SEBS ei | 35. 33 106. 0 07.2 
PoP A Laci ME ch) ae aes 31. 66 107.6 108. 1 
yp) a I fe RN RORY CIR eS 36. 33 109. 9 110.1 
DORI Te RUPE NES IOC SC STAVE LEONE YA CTUT By 9 See aR 27. 33 103. 6 106. 0 
GSE A EE eee NM eC We Be Me eS SF 27.38 106. 2 109.4 
SD a Ta TY MN is 6 SUPA ER sic 25. 33 106. 0 107.5 
Sila MOE me A TTR Ar Ie 23. 33 107.1 109.0 
AGT! LT RE SORTER Meet in R I  S 30. 00 108. 6 110.4 
per i Vine alg eet 36. 33 107.2 109.4 

PIM es chic. ee 35. 66 107.2 109.1 
PER ce ee ee 33. 66 104. 2 106. 2 
anal Coe a IEE ORT MEG gen) 1 0: 29.33 105. 4 108. 0 
Geen TT EON US Cea 24. 00 108. 8 109.9 
Feslots, oc gl As Soe SEED OUR IED RBS. tv TY 33, 33 108. 4 110.1 
En an PE ENE 38. 66 106.9 108.5 
Do eam nin oh i ER SLOT y Toe. 40. 33 108. 4 110.0 
YUE eid rs coe Sh a eae ORT NC! et 44, 33 109.1 110.3 
PRG. NE SR Ma AU). 45. 66 107.1 109.2 
{071 pee eC! OTT NTU ae 43. 33 101.1 102.4 
13: ee Ee oe 38. 00 97.2 99.5 
14: £0 ener Tht See Ts eee 34. 66 104.6 106.8 
13. 2, MST DCT Ea aie 30. 00 105. 0 107.5 
TRA ho Re BD 32.33 105.1 106.1 
U7. ee OD ERE FSO Sa 28. 00 107.6 109. 2 


* Rep. Rec. Northwestern Wyoming, Capt. Jones, 1873. Washington, 1874, p. 187. 
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From this table it will be seen that the daily mean temperature affects 


that of the water but slightly in the centre of the spring. Near the 


shore so many different factors enter into consideration which may tend 


_ to produce a variation of a few degrees, that the true index must be taken 


from elsewhere. 
Regarding the source of heat which supplies the warmth of the water, 


I consider it due to chemical changes going on within the strata through 


which the moisture finds its way. As hot water is a more effective solvent 


‘than cold, the channels by which the spring obtains its supply will grad- 
ually increase in size. From this it may be inferred, provided the chemi- 


cal action continues in a proportionate ratio, that the waters of the spring 


Inay still grow warmer in the course of time. 


A petroleum spring also occurs near Camp Brown, originating, prob- 
ably, in the same rocks. We observe the globules of oil rising in water 
and eventually accumulating near the banks. Here a somewhat exten- 


sive deposit of hardened black oil is formed. It burns very readily, and 
appears to be nearly pure. 


REVIEW OF THE MESOZOIC GROUPS EAST OF THE WIND RIVER RANGE. 


All of the Mesozoic Groups in this region may be regarded as typical 
to a certain extent. Several of them show a considerable amplification 


_to the eastward, but otherwise remain tolerably constant. In their rela- 
tions to each other they are constant throughout. 


Fox Hills Group: 
Sandstones and arenaceous shales near base. Following are heavy beds of 
shale. Indications of coal near bottom and top. Shales and upper sand- 
stones are more or less micaceous. Thinly bedded sandstones with some 
shales near top. Massive yellow sandstones close the group. Fossils: Inoce- 
ramus and indistinct plants. 
AU ne wisdasiat ea Nt Palate a's Scien aun pare amiga ae 500 feet. 
Colorado Group: 


‘Dark gray shales, finely laminated. Slightly caleareous near base. Upon ex- 


posure the shales turn light gray and white. In the upper half thin bank of 
argillaceous limestones. Near the top the shales becomes lightly arenaceous. 
Fossils: Inoceramus, Ostrea congesta. 
SNE ES RN oe a nn ag = oh an na eee saasne tecped Soop BAR odes 600 feet. 
Dakota Group: 
Yellow and brown shales near base, containing thin strata of sandstones. 
Some carbonaceous shales a little higher up. In the middle sandstones, sep- 
arated by thin bands of dark shale. Massive yellow, white, and brown sand- 
stones near top. Dark yellow and brown shales close the group. Fossils: 
Gryphea and indistinct remains of plants. 
PMIUMIEDS orton ed wane wah waar cesta comes SEN es ce see 400 feet. 
Jura: 
Dark calcareous shales, covered by heavy beds of dark blue limestone, are near 
_ thebase. Yellow shales and marls follow, with some thin interstrata of yel- 
low or white sandstones. Some limestones above this. <A series of yellow, 
white, pink, and greenish marls and shales close the formation. Fossils: 
Belemnites, Gryphwa, Rhynchonella, Lingula, Modiola, Pecten, and others. 
MNS coining cio anos cm amin 4 CREE SSS TA oo a mane ccaeae 200 to 220 feet. 
Trias: 


Some light red and white sandstones near base, separated by thin beds of red 


or brown shales. Massive bright red shales, with dolomitic interstrata higher 
up. Heavy beds of red sandstone follow. Above these a series of red, pink, 
yellow, and white sandstones, some of the coarse-grained. Shales occur with 
these latter sandstones and close the formation. A decided thickening of the 
upper beds may be observed to the eastward. No fossils. 


Petr EM chee rea adtnsaeaes qaaaadcach ose cece 800 to 1,200 feet. 


_ Adding these figures, we obtain for the Mesozoic division of this region 
a total thickness of 2,500 to 2,920 feet. 
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POST-CRETACEOUS. 


Laramie Group. 


Along Beaver Creek we find a series of beds superimposed upon the 
Fox Hills group, which I refer to the Post-Cretaceous period. We have 
in adjacent regions a.considerable development of the Lignitic strata, 
but here it is limited. It is not my purpose here to enter into any dis- 
cussion as to the proper position of this group in the geological succes- 
sion of formations. In a paper treating of the coal-beds near Evanston — 
I shall shortly have occasion so to do. Overlying the upper sandstones 
of the Fox Hills we see a succession of shales and yellow sandstones 
forming low, long-continued bluffs. Our work did not carry us far 
enough to make any careful examinations of this group, but sufficient 
information was obtained to enable us to recognize the formation. Indi- 
cations of coal were found at a number of points, but the large amount 
of debris covering the outcrops prevented any determination as to 
whether they were workable or not. So far as could be seen, the thick- 
ness of the group amounts to about 400 feet. Its horizontal distribution 
is determined, essentially, by the amount of erosion and transportation 
of material to which the overlying beds have been subjected. We find 
the beds exposed along a line trending about north 45° west, following 
the general strike of the strata. The dips, at this distance from the cen- 
tres of disturbance, is almost obliterated, amounting to but a few 
degrees. A series of heavy, yellow sandstones close the Lignitic Group. 
Neither in topographical features nor in geognostic importance does this 
series Occupy a very prominent position. From observations made else- 
whe 'e, we find that the group develops to a much greater extent farther 
south and southwest. It passes under the Tertiary beds and reappears 
in the southern portion of our district, occupying conspicuous areas. 

I have placed the group under the head of “ Post-Cretaceous” in con- 
formity with the views expressed in the annual report of 1875. In this 
report I shall continue to do so, expecting soon to present a paper which 
defines the reasons for taking this position. Literature upon the subject 
is accumulating, but as yet it is impossible to say which opinions may 
ultimately be adopted. 

TERTIARY. 


During the past twenty years an almost endless number of Tertiary 
groups and subgroups have received names and have been placed into 
relatively different positions by various authors. We have, within the 
region to which this chapter is devoted, but one of the Tertiary groups, 
if we exclude the northern edge of the Sweetwater Plateau. This latter 
will be considered in the chapter next following, and mention of its geo- 
logical character will here be omitted. 


Wasatch Group. 


Resting upon the yellow sandstones of the upper portion of the Lara- 
mie Group, we find aseries of variegated, arenaceous marls. They are 
nearly horizontally stratified, and are carved into typical “‘bad-lands” 
by fluviatile erosion. A variety of colors presents itself in these marls. 
Gray and reddish-brown predominate, interchanging, however, with yel- 
low, white, greenish, and maroon. Without any apparent separation of 
Strata, these colors and shades form bands resembling well-defined bed- 
ding. Rapidly denuded by erosion, the slopes presented by these marls 
are generally entirely bare of vegetation. Thin bands of highly argil- 
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laceous sandstones, occurring sporadically within the series, sometimes 
give rise to the formation of low, regular bluffs. About 450 to 500 feet 
may be regarded as the thickness of these marls southeast of Beaver 
Creek, where we find them. The outlines of horizontal distribution 
shown by them are irregular, owing to the varied forms produced by 
erosion. Ina general way, the western edge runs in a direction north 
and south, while the eastern passes beyond the limits of our district. 
From analogy of geological position and lithological character (no fossils 
having been found), [ regard this series as parallel to Puerco marls of 
New Mexico and Colorado. They resemble them in every essential fea- 
ture. 

Above the marls we observe a succession of yellow sandstones and 
shales, which also belong to the Wasatch. They are cut short in their 
vertical development by the overlying beds of the Sweetwater Group. 
From certain features, subsequently to be discussed, it appears that a 
considerable amount of erosion must have taken place before the Sweet- 
water strata were deposited. This accounts for the imperfect vertical 
development of the Wasatch group at the point from which it has been 
described. 

With the exception of a small portion of late Tertiary beds lying 
between the subsidiary range and the western base of the Wind River 
Mountains, we have no additional sedimentary beds to speak of in this 
chapter. The occurrence just mentioned will be reviewed, together with 
other Tertiary groups, in the fourth chapter. 


POST-TERTIARY EROSION. 


After the deposition of Tertiary sediment a period of great activity of 

a peculiar character existed within the area east of the Wind River 
Range. At that time, essentially, was the surface moulded into its 
present shape. Omitting the existence of most recent Tertiary groups, 
we can picture to ourselves the appearance of the country after the 
upheaval of the mountain range. The two main elevations were the 
range itself and the rise determined by the course of the anticlinal axis 
east of it. Erosion had, even before the advent of the latest tertiary 
waters, modified the surface very considerably. Upon the arrival of the 
latter, they found basins ready to receive the sediment they carried with 
them or derived from neighboring regions. In this manner an equaliza- 
tion of elevations and depressions took place, which greatly affected 
certain portions of the region. Subsequent to the deposition of large , 
masses of Tertiary sediment a period of maximum erosion followed, which 
left the surface of the country approximately in the condition we now 
find it. Within the area to which this chapter is devoted we have occa- 
sion to observe the enormous effects produced by erosion. Final eleva- 
tions along certain lines, or depressions on others, may, to-day, tend to 
magnify the results, but enough can be seen to obtain a general idea of 
its magnitude. Parallel to the strike of the sedimentary strata they 
have suffered severely from this primary erosion. Along the lines of 
disturbed portions, where the continuity of strata was probably broken 
and the rocks more or less shattered, the erosive forces have exerted a 
powerful influence. Nearly all of the material belonging to formations 
younger than the Carboniferous are composed of mechanically deposited 
sediment. 'This necessarily could offer but comparatively slight resist- 
ance to flowing water, and enormous masses of it were carried away to 
build up most recent groups at some other locality. Along the junction 
line of Carboniferous and Triassic beds this feature of erosion, denuda- 
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tion, and transportation can be admirably studied. <A large portion of 
the lower country east of the anticlinal fold was at one time higher, but 
was gradually reduced by the persistent abrasion and removal of por- 
tions of its strata. 


EVIDENCE OF FORMER GLACIERS. 


Gin the Wind River Range the most complete evidence of extensive 
glaciers formerly existing there was obtained. Many of the small val- 
leys and canons at the southern end of the mountains show accumula- 
tions of glacial drift. In the immediate vicinity of Camp Stambaugh 
we find the gravel and drift adjoining small streams to be composed of 
rocks with which their drainage has at present no connection. Near the 
post there occurs, within the metamorphic area, a local deposit over 70 
feet in depth, consisting entirely of drift material. Itis located along 
the sides of a narrow gulch, and contains gravel and bowlders from the 
size of a pea to such weighing half a ton. As will be seen subsequently, 
-we have evidence farther south which permits us to regard this as a 
ground moraine. On the western slope of the range evidence of former 
glaciers can be obtained as soon as we reach high elevations. Near 
timber-line we find numerous small, shallow lakes. Not unfrequently 
these are surrounded on three sides by morainal deposits. The most 
striking examples of extensive glaciers that I had occasion to observe 
we found between the headwaters of the Sandy’s and Muddy Creek. 
While riding through the dense timber there we encountered huge masses 
of exposed rocks in situ. Intervening spaces between them were filled 
with shallow ponds or swamps, showing the fact that the depressions 
containing them were mostly excavations directly in the solid rock. 
Wherever such rocks were exposed they showed a very remarkable 
smoothness, resembling the famous ‘“roches moutonnées” in shape. 
Grooving and striation covered them, leading from the more elevated 
points to the lower ones. Jn a number of instances we found the polish 
of these rocks to be absolutely mirror-like. This condition continued , 
until we reached timber-line. There the constant weathering action has 
_ loosened enormous masses of rock, which, falling down, have in part 
obscured the effects of glaciers. Following down the course of an ancient 
glacier west of Muddy Creek, we observed with much interest the defin- 
ite traces it has left. Originating along the steep walls of a semicircular 
depression, the glacier first moved through a narrow, shallow valley. 
Touching rocky “walls on either side, it swept these perfectly clean, © 
smoothing and polishing the granites wherever it came in contact with 
them. As the valley widened the glacier spread laterally, until the 
width became so considerable that lateral moraines were ‘deposited. 
Shallow, basin-shaped excavations, oval in form, were worn down into 
the hard rock. Most of them are now filled with small sheets of water. 
From there the ice moved downward along a steep incline, pushing before 
it enormous masses of bowlders, in the form of terminal moraines. At 
present these extend for several miles into the low country beyond the 
western base of the range. Their width amounts to about a mile and a 
half, and their thickness may be estimated at a maximum of 800 to 900 
feet. As the climatal conditions caused a recession of the glacier, smaller 
moraines, composed not unfrequently of material taken from the older 
ones, remained to mark the gradual decrease of the moving mass of ice. 
This feature becomes more noticeable as we retrace our steps to the 
small lakes found high up in the mountains. In several instances termi- 
inal moraines have formed dams across shallow depressions which now 
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are filled with water. Eliminating the minor curves made by the moving 
ice, the length of this glacier must have been 16 to 18 miles. This is one 
of the largest, but in its effects may be regarded as a type for other 
occurrences in the same region. An interesting feature was often observed 
relative to the melting or gradual receding motion of glacial masses. 
For some distance entirely bare rocks frequently composed one-half or 
two-thirds of the surface over which we travelled. They were smoothed, . 
grooved, and striated. Resting upon them were innumerable pebbles 
and bowlders, ranging in size from that of a goose-egg to several feet in 
thickness. Standing thus upon the smooth, inclined surface of a rock 
in positu, these erratic blocks looked as if they might have been left there: 
only a year ago. No signs of weathering action were visible in either, | 
and often the blocks were so delicately poised that it would seem as if 
a breeze could disturb their position. Entire “fields” of this character 
were found, showing the direction toward which the glaciers shrunk. 
On the eastern slope of the range numerous glacial moraines were: 
noticed; they are generally smaller than on the other side, a fact which 
is partly owing to the orographic configuration there existing. Beyond 
the metamorphic area the evidences of glaciers extend for a short dis- 
tance only. In spite of the enormous masses of moving ice and accom-: 
panying bowlders, we find in the Wind River Mountains a confirmation 
of the rule that glaciers produce no radical changes in the character of 
any given region. By the abrading action of both ice and accumulations 
ef bowlders and sand, projecting rock-ledges and points. reaching out 
toward the glaciers have been removed. Excavations within valleys: 
already existing have been made. Material has been taken from one or 
more points and has been deposited at others. In other words, the detail 
features exhibited by the localities through which or over which the ice 
has passed have been modified. This limits the extent of changes 


— wrought by glaciers. 


When first I saw the enormous accumulations of snow and stationary 
ice in the main chain of the range (at the end of July), I fully expected 
to find active glaciers within its deeper cafions. In this I was disap- 
pointed. The extremely “fresh” appearance, however, that many of the 


- oceurrences above described exhibit has induced me to believe that 


glaciers existed in the Wind River Mountains until within a very recent 
period. Indeed, I should not be surprised to hear at any time of the 
discovery of moving ice-fields of small extent within the deep cations of | 


this range.* : 


LAKE DEPOSITS. 


Within the region east of the Wind River Mountains we found a num- 
ber of alkaline lakes of small extent, and beds of others that were dry. 
Although these, in a certain sense of the word, can be termed “lake 
beds,” they are not to be considered here. On Beaver Creek, about 6 
miles below its sharp turn to the northward, we found an extensive lake 
deposit. Fine arenaceous clay, silt, and sand have here been deposited in a 
large, level valley. Conformable to the color of the original material 
from which this drift was derived, we observe alternating bands of red, 
gray, yellow, and brown deposits. Varying with the color necessarily 
we find the different layers showing some changes in their composition. 
We had no means at hand to determine the thickness of this accumula- 


*Notrs.—During the past summer (1878) active glaciers of small extent have been 
discovered in the Wind River and Teton Ranges. The large masses of snow during 
the summer of 1877 covered them entirely, so that we passed over them without recog- 
nizing theirexistence. Inthe Annual Report for 1878 full descriptions of these glaciers 
will be given.—E. 
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tion of redeposited material. From observations made along the banks 
of the creek it appears to be more than 20 feet thick, however. This is 
the only lake deposit of any importance that was seen in this region. A. 
few Helices found in it crumbled very easily, showing that they have been 
included within this drift for a long period of time. During the season 
of high water large masses of the loose beds are washed away and 
transported toward the north. 

- DRIFT. 


The different varieties of drift that are usually found in the mountains 
and flat country were observed within this region. Avalanchial drift 
covers the sides of the mountains above timber-line. Frequently enor- 
mous rock-slides extend downward for some distance, sweeping before 
them the timber that may be in their way. In the steeper portions of 
the main chain we found accumulations of angular rock-fragments that 
evidently owe their present position +o the agency of snow. Avalanches 
starting during the season of first thaws carry along bowlders from the 
adjacent mountain sides, which are deposited in moraine-like arrange- 
ment. Dependent upon the character of the rocks composing this class 
of drift is the shape and size of the bowlder. In the higher regions of 
the Rocky Mountains avalanchial drift represents a type of considerable 
importance. Due to this in a great measure is the characteristic barren- 
ness of the mountain-slopes. 

River drift occupies the valleys of all the streams of any size. Those 
creeks and rivers that have any considerable drainage within the meta- 
morphic area carry drift composed of such material with them for a long 
distance. Some of the valleys are covered entirely with coarse drift, an 
occurrence which is due to the parallel shifting of streams along their 
general course. The ultimate result of gradual disintegration of river 
drift is the production of silt and sand. Silt is not unfrequently found 
in connection with glacial lakes. Constant diminution of the transported 
material, more particularly of that constituting the ground moraine, re- 
sults in the formation of this silt. In river bottoms, and near small 
streams, a slightly different process produces the same effects, requiring 
more time, however. 

SOIL. 


In the lower valleys we find an abundance of soil. Along the Big 
Popo-Agie and its immediate tributaries the soil there accumulated has 
been utilized by settlers for agricultural purposes. Many of the lower 
valleys might be made similarly useful, were the supply of water suffi- 
cient for irrigation. The decomposition of shales, sandstones, and marls 
furnishes good rich soil. Nearer the mountains limestones enter into the 
composition. So far as I could learn, the soil, wherever cultivated, yields 
good crops. On some of the small creeks good bottom-lands are found, 
containing rich soil, which may eventually become fruitful. At present, 
grass and willow brush are the only vegetable products. 


RESUME OF THE GEOLOGY OF THE WIND RIVER RANGE 
AND THE REGION EASTWARD. 


Reconstructing the original conditions as existing in the region of the 
Wind River Range prior to the great era of metamorphosis, we observe 
some very interesting facts. For the reason that other portions of our 
district, not yet described, enter into consideration in this question, a 
complete synopsis of the former conditions cannot be now presented. 
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Enough may be said, however, to indicate which groups appearing in 
other chapters pertain to the subject under discussion. From what we 
have observed, we are enabled to say that at the earliest geological 
periods a narrow range existed, trending approximately EK. 50° S. 
Against the northeastern side four distinct types of sediment were de- 
posited. That this occurred at long intervals of time, during a period 
of more or less disturbance of niveau, is evident from the horizontal pro- 
jection that we can assume for these groups. Such assumption is based 
upon the study of the series as it now appears—metamorphosed. Apply- 
ing lithological nomenclature in order to make clear what is meant, we 
may say: The Prozoic granite is the remnant of the original range; 
against this were deposited the old metalliferous schists; granite com- 
posing the main chain followed; this was succeeded by a narrow band 
of schists; and the fourth or last group is represented by the younger 
granites. Incase we make an attempt to indicate the original, unchanged 
condition of these rocks, we may regard them as representing siliceous 
shales (schists) and more or less argillaceous sandstones (granites). As 
the earth is but a body “buried beneath its own ruins,” we cannot expect 
to find aught but what is contained in the original crust. Schists and 
granites or siliceous shales and sandstones, therefore, are essentially 
the same thing, varying only in the percentages of component parts. It 
appears that the lowest Silurian strata were deposited before the 


_ thorough metamorphosis of the entire mass took place, unless, indeed, 


we account for the change in the sandstones by assuming a generation 
of heat during the period of mountain elevation. 

In these very earliest deposits we observe an “overlapping” of the 
groups. The metalliferous schists are scon hidden from sight by the 
preponderance of the main chain granite. Eventually this, as well as the 
younger schists and: granites, disappears at another point. This is due 
probably to pinching out of the groups in certain directions rather than 
to a lateral inequality in the propelling force which caused the elevation 
of the mountains. If the latter cause had resulted in the production of 
this phenomenon, we would find it accompanied by others which we now 
do not observe. 

Sedimentary formations reach an ample development in this region, 
considering the disadvantageous locality at which they were deposited. 
We had at the time of the Silurian, for instance, a more or less elevated 
ridge, sloping toward the northeast. So far as our observations enable 
us to determine, we find that the influx of waters came from that direc- 
tion for a very long period of time. While elsewhere the waters could 
attain great depths, they were here necessarily shallow, and the amount 
of material deposited within them must stand in proportion. Thus we 
find that a number of formations and groups, greatly amplified to the 
north and northeast, have had but little opportunity to reach any exten- 
Sive vertical development in the vicinity of the Prozoic range. Changes 
of niveau, which took place probably during long periods of time, per- 
mitted some of the younger groups to reach proportionately great thick- 
nesses. 

Of the Silurian formation we have representatives of two groups. 
Both of them are characteristic, and are very frequently found in the 
same relative position throughout the Rocky Mountains. The Carbon- 
iferous formation is well represented by the two lower groups, which can 
generally be distinguished. Itis with some reluctance that I regard the 
series of strata above the blue limestones as Permian. Usually this 
formation carries some typical fossils, but in this instance none were 
found. A decided similarity of the rocks and the unequivocal position 
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occupied by the group decide me to determine it as such for the present. 
If this should be proved by subsequent investigations not to be Per- 
mian, it will necessarily be added to the lowest Mesozoic formation. 
Although many miles were travelled during the past season in the “red 
beds,” we are not able to throw any additional light upon the question 
touching their true position. The direct superposition of undoubted 
Jurassic beds draws the limits rather closely, but we must still look for- — 
ward to some paleontological discovery that will set all doubts at rest. 

In the preceding pages I have spoken of this formation or group as the 
Trias (without query), but define this as not indicating that I desire to 
commit myself upon the point. I am of the opinion that eventually this 
identification may prove to be the correct one, but up to the present time 

it is not yet established. 

The anticlinal axis, which has frequently been mentioned above, is, a 
very interesting feature of the region. As it passes beyond the limits 
prescribed for this chapter, a connected discussion thereof shall be post- 
poned until later. Jurassic beds are satisfactorily developed, occupying 
a definite horizon between the red beds and the lowest group of the 
Cretaceous formation. Although they do not compare favorably, from 
_ a paleontological point of view, with the occurrences farther north, the 
evidence obtained is entirely sufficient to establish its geological position 
beyond a doubt. Groups younger than the Jurassic are developed in 
regular succession and require no further mention. 

One of the most interesting features of the Wind River Range is found 
inits evidence of abundant glaciation. No mountain region that I have 
had occasion. to visit in the West shows so strikingly the enormous effects 
produced by the action of moving ice. Nearly the entire western slope, 
so far as it lay within our district, must have been covered with suc- 
cessive ice-fields. They have left their history written in unmistak- 
able, ineffaceable language upon the rocks which once they covered. 
Climatal conditions since that period have undergone a change, and 
we are enabled by reading the writing transmitted to us to construct a 
picture of what at one time must have been the conditions of this sec- 
tion of the country. In the annual report for 1875 I have given my 
views with regard to the former existence of glaciers in the Rocky 
Mountains. Although based upon observations made in regions 4 and 
5 degrees of latitude farther south, the general conclusions will apply 
equally well here. 

Taken as a whole, the country to which this chapter is devoted is one 
replete with interest. We miss in them, however, the occurrence of 
erupted rocks. Whether the anticlinal axis has been caused by their 
action, without their having broken through to the surface, may, for the 
present, remain an open question. No evidence either for or against 
such a supposition was obtained within the region above described. 


CHAPTER III. 


GEOLOGY OF THE SWEETWATER VALLEY AND ADJACENT 
REGIONS. 


ELEVATED AREAS. 


The region to which this chapter is devoted comprises an area con- 
taining all the Sweetwater drainage except that which enters into the 
river within the metamorphic rocks. It forms a belt about thirty miles 
wide, trending east and west. Longitude 107° west forms the eastern 
terminus, while the western is located a short distance west of the Little 
Caiion of the Sweetwater. 

Two small ranges of hills occur within this section. The one is that 
of the Sweetwater Hills with their eastern extension, the Seminoles, 
while the Granite Hills north of the river form the other. Orograph- 
ically both of these are very simple, the former being merely an upheaved 
chain, and the latter a group of rocky islands in a tertiary basin. Be- 
sides these two small ranges a considerable elevation is reached by the 
Sweetwater Plateau at its northern termination. I regard the westera 
end of the Sweetwater Hills, considering it from the standpoint of a 
geologist, as being defined by the most westerly outcrops of the granitic 
hills south of the river. 

In order to present very briefly some of the most striking character- 
istics of these hills, a few words may here be said in regard to their 
structure. We may essentially consider the Sweetwater Hills as a small 
anticlinal range, forming a continuation of the anticlinal upheaval east 
of the Wind River Mountains. In their more elevated portions, all met- 
amorphics have disappeared, excepting those which, in the preceding 
chapter, have been regarded as the youngest ones. Throughout the 
entire eastern extension of the hills this character is maintained and is 
made very apparent by the position of the sedimentary strata. Analyz- 
ing this structure more carefully we find that in this instance the south- 
easterly extension of the anticlinal axis coincides with the axis of 
elevation manifested by the Wind River Range. We have, therefore, 
an anticlinal fold augmented by the force of general upheaval. This 
results in placing the younger formations into more prominent positions 
on the north side of the hills than on the south. Whenthe maps of the 
district shall have been prepared I will be better able to demonstrate 
this fact. So far as possible, I will do so in the subjoined pages by pre- 
senting a series of approximate parallel sections which will furnish some 
idea of the relative distribution and position of strata. 


DEPRESSED AREAS. 


Of these we have but one in the region under discussion. It is the 
valley or, geographically speaking, basin of the Sweetwater. Sloping 
toward the river, both from the north and south, a shallow depression is 
formed, which is cut into two parts of unequal size by the river. In the 
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preceding report upon the topographical features of our district this 
subject has been more fully discussed. Geologically, this low area is of 
the greatest importance, and furnishes very acceptable hints as to the 
early history of the country. 

PROZOIC. 


It will be remembered that the subsidiary range west of the Wind 
River Mountains is composed of Prozoic rocks. They disappear under — 
the metalliferous schists of the Stambaugh region and remain hidden 
for some time. We next find them at the western termination of the 
‘Sweetwater Hills. Here they appear as a group, trending approximately 
east and west, composed of disconnected hills. Bare of vegetation and 
rugged, they present a very typical aspect. The granites composing 
these hills are entirely structureless, forming huge, irregular masses. 
Red and flesh-colored orthoclase, white and gray quartz, and muscovite 
are the constituent minerals. Toward the southern edge of this group 
we find that either loose drift or Tertiary strata reach directly to the 
granites, covering whatever older formations may be beneath them. On 
the north side Carboniferous strata rest upon them, preventing the 
appearance of Silurian beds which undoubtedly occur there. 

An interesting feature was observed in these granites, which I failed 
to notice in the subsidiary range, the occurrence of basaltic dikes. 
Varying in width from 4 inches to. 10 feet these eruptive rocks closely 
fill fissures in the granite, striking as a rule northeast and southwest. 
Although the granites decompose and disintegrate but slowly, we find 
some localities where the dikes project for several feet above them. Gen- 
erally they appear on the surface simply as black bands, conforming 
entirely to the details of weathering and cleavage shown by the rock 
enclosing them. In lithological character, mode of appearance, and 
general relations to younger formations, these granites appear to be 
almost absolutely identical with those farther west. 

Following the line of granitic outcrops of this region in an easterly 
direction we find them covered by Paleozoic and subsequently these by 
Cenozoic formations. Curving somewhat to the north we cross the 
Sweetwater Valley and find ourselves in the continuation of the granites 
just deseribed. It is formed by the Granite Hills directly north of the 
Sweetwater. By all explorers who have ever visited this region has 
been noted the remarkable barrenness of these hills. Frémont says: * 
‘‘Hixcept in the crevices of the rock, and here and there on a ledge or 
bench of the mountain, where a few hardy pines have clustered together, 
these are perfectly bare and destitute of vegetation.” Dr. Hayden, in 
his report upon this region,t describes the Granite Hills as follows: 
‘‘ All around the flanks of these granite ranges the same: Tertiary beds 
jut up without any interruption, and are smooth and even, so that the 
granite masses seem to rise abruptly out of the plains. A few stunted 
pines struggled for existence among the crevices, and some rare shrubs 
and ferns were all the vegetable life observed.” The absolute nakedness 
of these hills is truly remarkable. Without any definite rock structure 
they rise directly from the plain, presenting their bald, gray and red 
forms, which rise to a relative elevation of 300 to 1,100 feet. Smooth, 
rounded surfaces of considerable extent render the ascent of some of the 
higher peaks almost an impossibility. Toward the centre of the group 
or range we find the hills connected with each other by ridges, mostly 
bare, but sometimes covered with short grass. 


* Rep. Expl. Exp. to the Rocky Mts., 1842. Washington, 1845. 
tRep. U. 8. Geol. Sury., 1870, p. 30. 
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Studying the detail-features of the hills we find that they are composed 
mainly of a coarse red granite. The effect produced by atmospheric 
influences has been to destroy the red color in some instances, and we then 
find it gray. Upon reaching the base of a hill the first impression ob- 
tained is that of an enormous pile of huge granitic bowlders heaped 
together. Orthoclase, quartz, and muscovite compose the main portion 
of the rock. Toward the northern limits of the group some hornblende 
and ehlorite may be observed. There, too, we find some of the younger 
granites. At several points the prevalence of orthoclase is so ereat. as 
to produce apparent stratification. It will be found, however, that the 
divisions simulating strata all run in curved, short planes. Numerous 
dikes of basaltie rock were observed within these granites, varying in 
thickness from two feet to several hundred. In some instances the dikes 
exhibit columnar structure. At right angles to the enclosing walls the 
material has segregated into smooth-sided but irregular prisms. An oc- 
currence of this kind may be seen at the Devil’s Gate. It will be remem- 
bered that this euphonious title has been given to a vertical opening in 
the granites, about 5 miles west of Rock Independence. A narrow 
granitic ridge extends to the southward from the main group, and is cut by 
adeep gap. The walls of this gap are about 400 feet above the Sweet- 
water River, which flows through it. From some remnants we can see 
that originally this fissure was filled with eruptive material which was 
segregated into columns. Due to this latter fact is the greater power 
that erosive agents could exercise upon the enclosed mass, and it was 
gradually removed. Dr. Hayden supposes, and I agree with him, that 
formerly the river curved to the southward, flowing around the granitic 
ridge, until finally it found its way into the gap and aided in the destruc- 
tion and removal of the dike. 

Both the analogy of composing minerals and the characteristic occur- 
rence of dikes connect the Granite Hills with the outcrops at the west- 
ern end of the Sweetwater Hills. Although a number of instances were 
observed where the dikes penetrated granite which was overlaid by 
younger rocks, the erupted material invariably stopped with the granite, 
showing that its age is very great. The area occupied by the Granite 
Hills has approximately an oval shape. Both west and north we find 
isolated outcrops, rising to relative elevations of 600 to 700 feet. To- 
ward the east the hills assume a southeasterly trend, and are crossed, 
by way of the Devil’s Gate, by the Sweetwater River. One of the 
isolated exposures of this eranite is formed by Rock Independence. Dr. 
Hayden, in 1870, made some measurements of this historic block. He 
found the cireum ference of the granitic rock to be 1,550 yards; the height 
of the north end 193 feet ; that of the southern 167 feet. Near the mid- 
dle, between these two high points, there is a depression, so that there 
the relative elevation is not more than 60 feet. Beyond Rock Independ- 
ence the granite passes out of our district. 

Connecting the three exposures which I regard as belonging to one 
series, we obtain an old granitic range of considerable length. It 
shows a slight S-shaped curve upon horizontal projection. Between 
the eastern end of the subsidiary range and the western beginning of the 
Sweetwater Hills there was a decided depression, permitting the granites 
to be hidden from sight by the succeeding sedimentary for mations. A 
similar depression existed in the space intervening between the last- 
named outcrop and the Granite Hills. From all that I have seen 
throughout this region I have come to the conclusion that the continuity 
of these three groups may be regarded as having formerly existed, and 
that the granite composing them is the oldest rock in our district. 

7GS8 
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From the sections which are given . below, the relative position of this 
Prozoic granite will be seen. So far as could be determined, this most 
ancient range was but very little affected, locally, by the ereat dynamic 
disturbances which succeeded the close of the Gretaceous era. . 

During the early Paleozoic period this low range, which then occupied 
a much ‘higher relative position than at the present time, formed an 
effective barrier to the southwestward progress of the waters. We find, 
therefore, that on the southern slope of the granitic groups the older 
sedimentary formations occupy a very subordinate position, except at 
such points where the low elevation of the range permitted the passage 
of waters in which the sediment was deposited. ‘We may regard the 
Strata deposited during the older sedimentary period north of this range as 
the terminal edges of the extensive areas to the north and northeast. 
An exception to this occurs, however, along the former depression be- 
tween the granites of the western end of the Sweetwater Hills and those 
of the Granite Hills. There free access was afforded, and as a result we 
find the sedimentary beds of the eastern Sweetwater and the Seminole 
Hills. 

5 METAMORPHICS. 


In the preceding chapter it has been stated that the metalliferous me- 
tamorphics extended for some distance down on the Sweetwater. Their 
last appearance on this river is found in the Little Cation west of Saint 
Mary’s ranch. At this point they are directly overlaid by Potsdam quart- 
zite. We observe that the metamorphic granite, which is elsewhere inter- 
posed between these schists and the Silurian strata, is entirely eliminated. 
‘This may be accounted for most readily by the assumption that the old 
Schists here reach their greatest horizontal and vertical development. In 
consequence of this the extreme border of the granites does not reach so 
far south. The nearest point where the granite crops out again is south 
of Sheep Mountain, on the line of the anticlinal upheaval, where Pots- 
dam quartzites are found resting upon it. To the south of the river the 
schists are covered py Tertiary beds, determining the limits of the group. 
‘Within our district this schist does not again make its appearance. 

Metamorphic granite is found in the Sweetwater and Seminole Hills. 
It is composed of orthoclase, white and yellow quartz, muscovite, and 
some oligoclase. The exposures we find in these hills are, in my opinion, 
a continuation of the youngest granites appearing on the eastern slope 
of the Wind River Range. After the continuity of the granite in that 
region is broken we first “find it again south of Sheep Mountain. There 
it occupies its present position by virtue of the anticlinal fold which 
passes through in a direction south of east. Again we find a small 
exposure near the Sweetwater, about 12 miles below Saint Mary’s ranch. 
From that point we must travel in a more easterly direction, about EH. 
20° S.,in order to find another outcrop. It is once more met with in the 
Sweetwater Hills west of Elkhorn Gap. Ascending the mountain 
directly west of the gap, we find the entire summit and the higher por- 
tions of both the north and south slopes composed of granite. It is here 
too much weathered to show any definition of stratoid arrangement, but 
from the shape of the hill and its trend we may infer that we ; stand upon 
the crest of an anticlinal uplift. Proceeding westward on this flat-topped 
hill we find the granite gradually pinching g out, until we reach a group 
of sedimentary beds dipping steeply toward the south. Several of the 
formations from the Silurian upward are here exposed, while the granites 
ve sunk down low and are covered by the strata of the Sweetwater 

roup. ; 
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Directly east of Elkhorn Gap we meet with considerable difficulty in 
disentangling the intricacies of stratigraphical disturbances. We find 
that from that point to the termination of the hills at Whiskey Gap, the 
main bulk is composed of the same metamorphic granite. Descending 
trom the summit we find a series of sedimentary beds folded so as to be 
completely overturned. Beyond these granite occurs again. So far as 
can be determined without the aid of analysis and microscope, the two 
granites are entirely the same. The second group, perhaps, shows more 
decided structure. The two granitic outcrops run parallel with each 
other until the smaller one is lost under the strata of the Sweetwater 
Group. 

As we approach Whiskey Gap we find that the main granite of the 
hills comes to an abrupt termination, and that the ridge immediately 
opposite is formed by sedimentary beds trending in the same direction. 
Crossing the gap we observe a dip of the sedimentary strata toward the 
southwest, but as we go farther east this changes to south, and the 
granite sets in again. Eneroaching upon the sedimentaries this forms 
the northern slope of the hills, while the highest portions are formed by 
Paleozoic strata. As we reach Sandy Creek Pass we see that the gran- 
ite has monopolized the bulk of the hills, and that the sedimentary beds 
still retain their southerly dip. 

In preceding pages I have termed the structure of the Sweetwater 
and Seminole Hills an anticlinal one. It remains to be stated that the 
sedimentary strata on their immediate slopes afford but little evidence 
touching this point, but from the glimpses which could be obtained of 
beds underlying the Sweetwater Group, this must necessarily be the 
type of the hills. 

The northern and northwestern portions of the Granite Hills show a 
difference of structure which led to a more careful examination. It was 
found that instead of being composed of the same Prozoic granite as the 
main mass, they were formed by stratified granites, with some horn- 
blendic schists. Owing to the isolation of the outcrops, it was a difficult 
matter to reduce them to a system. Enough was seen, however, to 
indicate that they stand in close relation with the anticlinal upheaval 
which is marked as B in subsequent sections. Toward the eastern ter- 
mination of these metamorphics their stratification is particularly plain. 
Jt is so apparent, that from a short distance, even, I supposed the rocks 
to be unchanged sedimentary. The suspicion presented itself that some 
of the Silurian beds, which elsewhere are found unchanged, might have 
furnished the material for the granites and hornblendic schists here 
observed. This could not be proved, however, as the superincumbent 
Tertiary beds prevent all study beyond the immediate surface of this 
locality. At this point the areas occupied by metamorphics are detached 
and of small extent. Dips may be observed which indicate participa- 
tion in the anticlinal fold above alluded to. 

For the purpose of elucidating the interesting features connected with 
this range, as well as to show the relations between the oldest rocks of 
the region, I have constructed a series of parallel sections. They run 
from south to north, in every instance cutting the Sweetwater River- 

Section III is taken along a line east of Camp Stambaugh. I have indi- 
cated the existence of the Prozoic granite (a) at some depth. Emerging 
from under the Tertiary strata (7) we find the metalliferous schists ()). 
They are covered, in part, by Potsdam Quartzite (d) which appears in the 
Little Caton of the Sweetwater. From the evidence obtained farther 
northwest, Ihave indicated the younger granites (c) covered by the regular 
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succession of sedimentary formations. At the northern end of the sec- 
tion the effect of the Sheep Mountain anticlinal (A) has been indicated. 

Section IV runs south and north a short distance west of Saint Mary’s 
Station. It cuts one of the old granitic hills (a). Resting against this 
the schists have been represented in diminished quantity. They do not 
appear upon the surface. Carboniferous limestone (f and g) are found 
on a line toward the Sweetwater, dipping northward. ‘Tertiary strata 
cover them for considerable distance. Passing down the steep northern 
slope of these latter, we reach older sedimentary formations, and with 
them the continuation of the anticlinal upheaval (A). ‘The line of ele- 
vation continued from the Wind River Range is marked in both sections 
as H. It is obscure, but can occasionally be found. 

Section V is taken along a line a short distance east of Saint Mary’s 
ranch. The old granite (a) is almost entirely hidden by superincumbent 
Tertiary beds (7). Resting upon the Prozoic rocks the schists (b) have 
been sketched as forming but a small deposit, while the younger gran- 
ites (c) are advancing toward the south. We know of their existence in 
that region as well as of the presence of the anticlinal fold (A) through 
some small outcrops that were found. ‘North of the edge of the Sweet- 
water plateau (P) we find the sedimentary strata‘undisturbed. 

Section VI runs along a line about 2 miles west of the first granitic hills 
north of the Sweetwater. From the south everything is obscured by 
Tertiary deposits. At the river we observe the appearance of both 
Silurian and Carboniferous strata. I hold the view that this is produced 
by the effect of the anticlinal axis (A), which here coincides with the 
axis of main elevation (#). In this section we pass the region of mini- 
mum elevation of the oldest granite. To the northward the Prozoic 
granites are indicated as reaching nearly to the surface, while the younger 
granite extends still farther south. Near the northern end of the sec- 
tion, the effect of the second anticlinal (B), which has been mentioned 
in Chapter I, is introduced. 

Section VI cuts along a line about 13 miles west of Sweetwater Gap. 
We there observe the reverse of what was seen in section IV. From 
the south the Tertiary bluffs (7) extend high up, obscuring everything. 
North of those we find a series of sedimentary formations dipping to 
the southward at very high angles. A narrow line of metamorphic 
granite (¢c) runs along the outcrop of Potsdam sandstone (d). North of 
this granite the Sweetwater Group covers the entire region to the base 
of the Granite Hills. Underlying these the older sedimentary forma- 
tions have been represented. Travelling eastward from that line we 
find that the sedimentary beds rapidly disappear, but that the granite. 
takes a turn to the southeast, and rises to a considerable elev ation. It 
there forms the main bulk of the Sweetwater Hills. Both the north and 
south slopes are entirely obscured by Tertiary strata, so that nothing 
further cf the structure can be seen. I ascribe this rise to the effect of 
the anticlinal upheaval (A) which has continued in its general direction 
until it reached this point. The southerly portion of the strata, having 
been pushed high up, still remains, while their northern continuations 
either never reached the same elevation, or were eroded and are now 
covered by Tertiary beds. 

The granite continues to Elkhorn Gap, and from there eastward forms 
the central portion of the hills to Whisky Gap. Section VIII, taken a 
short distance east of the former, shows the main granitic mass occupy- 
ing the points. Another granitic outcrop (¢c) corresponds with that 
farther west in its action upon the strata of sedimentary formations. So 
far as could be determined, these originally sloped from the northward, 
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oceupying but a small area on the side of the hills. By the protrusion 
of this newly-appearing granite, the beds have been very much dis- 
turbed, and in several instances directly doubled up. I regard this 
phenomenon as due to the influence of the anticlinal upheaval desig- 
nated as B. Throughout the Sweetwater Valley no evidence can be 
found of it except near the western border of the Granite Hills. Pos- 
sibly this upheaval has nothing to do with the occurrence, but in this 
ease its peculiarity could only be explained by the acceptation of an 
independent elevation along a line parallel with the trend of the hills. 

Following along the summit of the hills, we find that nearly all of the 
northern slope is obscured by Tertiary strata and drift. Granite contin- 
ues to form the central mass. On the south side younger sedimentary 
strata dip off from the granites. At Whiskey Gap the connection be- 
tween the latter is entirely broken. 

The granite of the Sweetwater Hills comes to an abrupt termination, 
and the succeeding range shows its highest points occupied by sedimen- 
tary beds. At this locality the disturbing granite (c) evidently makes 
a subterranean curve, but appears again a short distance east of the 
gap. This condition of structure is illustrated by section IX. 

We find the granitic area gradually widening as we go eastward, 
pushing the sedimentary beds toward the southeast. Dipping steeply 
at first to the south, they gradually assume a more gentle inclination. 
Bed follows bed until the younger Cretaceous strata are reached, which 
eventually form the low country extending toward Fort Steele. 

In no instanee do the sedimentary beds appear with a northward slope 
on the north side of the granites. It might be supposed that they were 
elevated and pushed beyond the vertical, but the order of the beds 
would in that case necessarily be inverted. We have evidence at a 
number of points that the Sweetwater Group covers older sedimentary 
strata reaching down to the Silurian, and I am inclined to ascribe the 
absence of such groups on the north slopes of the hills to the eftects of 
early erosion. When the maps shall be completed I will be able to pre- 
sent horizontal sketches of the former and present of this region which 
region which will make clear the dynamic actions involved. At first 
sight they appear complicated, but they can readily be reduced to a 
comparatively simple system. 


PALAOZOIC FORMATIONS. 
SILURIAN. 


At a number of localities within the Sweetwater drainage we find 
Silurian strata. In part they are a direct continuation from the region 
farther northwest; in parts they appear after having been hidden for 
some distance by superincumbent strata. 


Potsdam sandstone. 


A good exposure of the red quartzites belonging to this group is found 
near the Little Cation of the Sweetwater. The wagon-road leading to 
Stambaugh crosses the upturned strata. In accordance with the posi- 
tion and configuration of the schists upon which they rest, the quartzites 
show an easterly dip amounting to about 30°. They form a portion 
of the cafon walls. Trending in a southeasterly direction, they are 
Soon lost, however, within the Prozoic Group at the western end of 
the Sweetwater Hills. I do not recognize them with certainty. Going 
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to the eastward, we meet with the first extensive outcrops on the north 
side of these hills, at the locality which is cut by Section VII. Resting 
upon a narrow band of granite, the red quartzites stand nearly vertical, 
decreasing slightly in dip as they continue southward. Neara small creek 
in that region they have been raised to an elevation of about 500 feet, 
forming a prominent hill. To this region their thickness is about 400 
feet. As in the vicinity of the mountains, so here we observe a number 
of variations in the quartzites. Gener ally they show a rusty red color, 
occasionally deepening into a dark brown. Near the top some lighter 
strata occur, of pink, yellow, and white color. From there they do not 
appear again in the hills until we reach Elkhorn Gap. 

Near the western termination of the Granite Hills a prominent anti-. 
clinal upheaval is observed in the sedimentary beds just north of the 
Sweetwater plateau. Its continuation extends toward the southeast. 
South of the point where the disturbed beds join the plateau edge, a 
small canon is formed, through which the river finds its way. The walls 
of this are composed mainly “of Potsdam quartzite. Although the rent 
does not occur exactly on the vertical axis of the anticlinal which reaches 

this region from Sheep Mountain, I am inclined to ascribe its formation 
- to this ¢ cause. It is apparent that the strata here, which dip at angles 
varying from 15° to 20° to the north and northeast, form the northern 
side of the anticlinal, which in the sections has been marked A. Fora 
short distance only are the quartzites here exposed, disappearing under 
the beds of the Sweetwater Group. 

. Directly east of Elkhorn Gap, on the north side of the hills, we find 
a rather extensive outcrop of the same strata. Rising at first appa- 
rently directly out of the Tertiary beds adjoining, we soon find the cause 
of their elevated position by examining the country a very short dis- 
tance farther east. Dipping toward the northeast at an angle of 80° to 
85°, the quartzites form sharp, prominent hills. We find them resting 
‘upon metamorphic granites, which gradually increase in height and area 
toward the east. Near the centre of the hill the granite is once more 
covered by Tertiary beds, but the quartzites remain exposed. Enormous _ 
masses of glacial drift render it impossible to follow the line of outcrop, 
but the recurrence of the Potsdam quartzites only a short distance west 
of Whiskey Gap proves the underground connection. Throughout the 
entire line they stand nearly on end, evidently having been pushed up 
with great violence. 

East of Whiskey Gap, we find the continuation of the series, flanking 
the Seminole Mountains on the north side. Crossing Muddy Creek, we 
notice a narrow line of red quartzites, trending approximately east and 
west. They stand vertically or dip at a very steep angle to the south. 
The same granite which has produced their elevation near Sweetwater 
Gap now appears in the same relative position. It forces the quartzites 
uel up into the Seminole Hills, making up almost the entire eastern 
slope. 

Calciferous Group. 


At the most westerly outcrops of the Potsdam quartzites the caleifer- 
aus series has shrunk to a minimum. Farther east it is represented by 

a series of gray and yellow dolomites, partly arenaceous, which are of 
very little importance, however. In stratigraphical arrangement and in 
participation in folds and plications, the beds of this series are thor- 
oughly conformable with those underlying. 

In the two Silurian Groups but very few fossils were found through- 
outthis region. Lingula oceurs in the quartzites, and a number of poorly 
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preserved corals were noticed in the dolomites and magnesian aes 
The great strains to which these members of the Silurian formation hay 
been "subjected have resulted in numerous joints and fractures. This 
feature is particularly noticeable’in the quartzites, which weather in 
sharp, angular iiaieeesinee 


CARBONIFEROUS. 
Subcarboniferous. 


Occupying the same relative position as it does farther to the north- 
west, we find the Subcarboniferous strata within the region of the Sweet- 
water drainage. Composed of the same beds here as there, they are 
found underlyi ing the massive blue limestones of the Carboniferous 
Group. Near the Little Cafion of the Sweetwater the dolomites and 
sandstones belonging to the group overlie the Potsdam sandstones. A 
large portion of them are hidden by the Tertiary beds, which there occupy 
disconnected areas. At the western end of the Sweetwater Hills the 
dolomites mostly rest directly upon the Prozoic granites, dipping, gen- 
erally, to the northward and northeast. They are covered by the Car- 


_ boniferous series, which, in turn, is hidden from sight by the overlying 


Tertiary beds. In the Sweetwater and Seminole Hills, as well as directly 
west of the Granite Hills, the Subcarboniferous Group is thoroughly con- 
formable with the Silurian. Its thickness may be estimated as varying 
from 700 to 900 feet, increasing toward the east. Very few fossils were 
found, all of them in an exceedingly poor state of preservation. 


Carboniferous Group. 


In the region of the Sweetwater the Carboniferous Group becomes of 
considerable importance. Appearing first in connection with the Silu- 
rian beds near the Little Canon, the blue limestones are covered to the 
southward by Tertiary deposits. They are again exposed in the area of 
the granitic hills south of the river. Occupying either the slopes of these 
hills or forming ridges which trend about N. 45° W., they dip toward 
the north and northeast. Nothing further is seen of them until we reach 
the western end of the Granite Hills. At the northern edge of the 
plateau we find some very interesting outcrops. We see there the effects 
of the termination of an anticlinal upheaval. It is essentially one of 
that character which Dr. Hayden regards as typical for the entire region. 
They occur in Dakota, Wyoming, and adjacent Territories. By the up- 
heaval an arrangement of strata has been produced which forms an oval 
or long-drawn quaquaversal fold. In this instance the Subearboniferous 
strata | are the lowest ones exposed, as the presence of the Granite Hills 
probably prevented the carrying up of older strata. By this same up- 
heaval the younger granites to the northwest of the Prozoics have been 
raised, but not sufficiently high to produce a rupture of the Carboniferous 
beds sufficiently great to let “the Silurian strata appear. Two sections 
(X and XI) will illustrate the conditions here existing. The first one 
runs approximately north and south, the second east and west. 

Beginning at the southern end of Section X we find the Tertiary beds 
) overlying Carboniferous (d). In this line we cut the point on the 

weetwater, where it flows through a narrow gorge of Silurian and Car- 
boniferous strata. This is located near the continuation of the anticlinal 
fold which in previous sections has been marked A. North of the river 
the limestones dip at an angle of 15°. They are soon covered again by 
Tertiary strata, but reappear, dipping southward 8°, The obscured 
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portion must therefore most likely contain a shallow synclinal fold (F). 
Following along the Carboniferous outcrop we find the dip of the strata 
steadily but slowly increasing, until, at the highest point, it reaches | 
about 20°. From the summit of this bill the strata slope off to the 
northward, rapidly diminishing in dip. In regular succession we find 
the Permian (e), Triassic (/), Jurassic (g), and Cretaceous (h) beds. The 
hill showing the highest outcrop of Carboniferous is located on the 
central axis of the anticlinal B. It must be remembered that neither of 
these two sections cut this fold at right angles to its trend, and that in 
reality, therefore, the inclination of strata is steeper than here repre- 
sented. 

Section XI begins with beds of the Sweetwater Group, covering: the 
older formations. The first exposure we find of older strata consists of 
Permian beds (¢) which appear superimposed upon the massive blue Car- 
boniferous limestones (d). At the highest point of this latter we notice 
a slight flexure of the strata. Dipping to the westward originally at an 
angle of 18° to 20°, they suddenly dip to the east 12° for a short distance, 
and then resume their former position. Erosion and perhaps breaking 
of the strata has exposed the Subcarboniferous Group, which we find 
resting directly against the younger granites. Along this line of section 
we cut one of the hills composed of this material. It isan isolated one, 
. as is shown by the appearance of Carboniferous beds east of it. A little 
farther on everything is once more covered by Tertiary deposits. In both 
sections the Prozoic granites (P) have been indicated as existing, but not 
yet reaching the surface. 

If we follow the line of the anticlinal (A) we will find it to lead us to 
the Paleozoic exposures west of the first masses of metamorphic granite 
in the Sweetwater Hills. In a similar manner the second one (B) points 
toward the region of disturbance east of Elkhorn Gap. 

At the point first mentioned the Carboniferous strata oceupy a very 
prominent position. They form narrow sharp ridges dipping to the south 
at an angle of about 706°. Several small cations lead through these 
ridges into the slopes of the Sweetwater Valley. Here, as well as else- 
where, the massive blue limestones are entirely conformable with the 
older beds. So far as could be determined without horizontal measure- 
ment, the thickness of the beds here amounts to about 1,600 feet. In 
lithological character the rocks are exactly the same as east of the Wind 
River Range. Only for a short distance does this outcrop of Carbonifer- 
ous beds extend. Probably the beds do not reach sufficiently high up on 
the northern side to protrude through the Tertiary beds. On the south 
side they rapidly lose their dip and sink out of sight. 

East of Elkhorn Gap the Carboniferous limestones again appear. An 
isolated rock, about 200 feet in height first indicates their presence. We 
found it so steep as to be inaccessible. Strata standing on end have 
given rise to its formation. From there eastward the limestones follow 
a narrow line of outcrop. We find that directly north of this series of Car- 
boniferous strata a small quantity of granite occurs, which soon disap- 
pears, however. Tracing the beds along their strike we observe that 
the limestones make a sudden bend toward the southeast. At this 
poiat a heavier mass of granite jutting up on the north side has caused 
a complete overturn of the strata, causing an S-shaped fold. The flexure 
of the strata is such as to produce, on the present surface, a steady dip 
to the northward. Near the hillside everything is obscured by drift and 
timber, so that but little can be learned as to the southern continuation 
of this interesting point. The only indications, indeed, that can be ob- 
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- tained at all, are derived from the red color of the Triassic Group. “While 


discussing this, a section will be given which cuts this region. 

Directly east of Whiskey Gap the Carboniferous Group reaches the 
greatest development and most prominent position in our district. 
Standing on end, or showing a dip of 80° to 85° to the south and south- 
west, the strata are first found low down, but soon make a turn to the 

heast and occupy the summit of the hills. Their mode of weath- 
ering and the position of the strata give the Seminole Hills a very 
characteristic appearance. The white, blue, and yellow dolomites and 


limestones of the Carboniferous formation produce high, almost vertical, 


walls, separated by narrow gullies which are filled with loose débris. 
Retaining a strike a little south of east, we follow the Carboniferous 
Group throughout the Seminole Hills to Sandy Creek Pass. Retaining 
a very steep southerly dip, it is gradually crowded toward that direction 
by the increasing bulk of the granites directly to the north. Inclining 


with the strata, but diminishing in dip, are younger sedimentary beds. 


Wherever we find the Carboniferous Group represented in the region 
to which this chapter is devoted, we found that the limestones were 
thoroughly impregnated with siliceous matter. As in the Wind River 
district, so here too, there are a number of varieties of quartz to be seen, 
occuiling in the form of concretions, geodes, and small seams. All the 
fossils, which are the same as those found to the northeast, are silicified 


and very poorly preserved. Crinoids make an exception as to their com- 
position. In the Seminole Hills the thickness of the Carboniferous Group 


appears to be about 2,100 to 2,200 feet, perhaps a little mere. ‘The posi- 
tion it occupies renders it difficult to make an accurate estimate. 


Permian Group. 


About this group but very little is to be said. It is analogous to the 


occurrence on Twin Creek, which has been described in the preceding 


chapter. On the upper portions of the Sweetwater it is entirely hidden 
by Tertiary beds, and first appears in the Sweetwater Hills. In connection 
with the Carboniferous outcrop shown in Section XI the Permian strata 
are found in the low valley directly west of the main mass of limestones. 
At that point they are composed of gray, greenish, and pink sandstones, 
with some shales, and show indistinct remains of plants. I did not suc- 
ceed, much to my regret, in obtaining even a single specimen that could be 
identified. Here the thickness of the group is rendered doubtful by the 
direct superposition of beds belonging to the Sweetwater Group. Farther 
east the Permian occupies a position directly above the blue limestones, 
as heretofore, and takes part in all the flexures and plicationsdhat have 
been described as occurring in connection therewith. A maximum thick- 
ness of nearly 300 feet is reached at some of the more easterly localities. 
Farther west the thickness diminishes to less than 200 feet. 


MESOZOIC FORMATIONS. 
TRIAS. 


Traveling downstream in the Sweetwater region, we meet with the 
first outcrop of Triassic beds at the western end of the Sweetwater Hills. 
There they are overlying Carboniferous strata conformably, but soon dis- 
appear. sinking down low toward the east, while w estw ard they are 
covered by Tertiary beds. As usual, they show the typical red sand- 
stones and shales, amounting in thickness to about 600 feet. From Section 
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VII their relative position may be learned. We donot meet with them 
again until we have crossed Elkhorn Gap, about 15 miles eastward. At 
this locality we have occasion to observe very clearly the upper white 
and pink sandstones which close the group. Its thickness amounts to 
about 250 feet, including the light shales and marls. 

The thickness of the total group is about 650 to 700 feet. Here we 
have arrived at the locality of maximum plication of the strata. It mani- 
fests itself in an oval quaquaversal arrangement and in the reversion 
of the order of succession. This quaquaversal is not the result of an 
anticlinal upheaval alone, but is due to the anticlinal fold produced by 
a lateral compression of the beds. Erosion has removed the apex of the 
flexure, leaving what German geologists term an “ airsaddle” (Luftsattel). 
Section XII cuts through this point in a direction about N. 45° E., and 
will explain the grouping of the various formations implicated in the 
movement. 

Advancing from the northeast, we pass over the strata of the Sweet- 
water Group (/), until we find rising before us a wall of red quartzite (c). 
This stands so nearly vertical that it is impossible to determine toward 
which direction it inclines. Crossing this we find the series of Carbonif- 
erous groups (d, é, f) dipping toward the northeast. Continuing farther, 
in a straight line, we cross successively : Trias, Jura, Dakota, Jura, Trias, 
Jura, Dakota, Colorado. From that point drift obscures all outcrops, 
with the exception of one red spot higher up, indicating Trias. Exam- 
ining the dips, we find the series of beds just enumerated dipping uni- 
formly to the northeast at angles increasing from 35° to 50°. The last 
outcrop of Dakota to the southwest stands vertical, as do the Colorado 
Shales. It could not be determined how thick the last named were, 
owing to an accumulation of drift. A section at right angles to the one 
we have given would cut Carboniferous, Trias, Jura, Dakota, Jura, 
Trias, Carboniferous. As the axis of elevation is not vertical, the Da- 
kota and Jura would not be cut at the northwestern end of this latter 
section. As in the previous one, so here too do we find the dip arranged 
in conformity with the slanting quaquaversal structure. 

In the section only such portions the position of which could be defi- 
nitely established have been directly indicated, the remaining continua- 
tion having been given, as supposed to exist, in broken lines. We find 
that from the northwest the strata have been overturned. Descending 
from the highest Carboniferous point toward the southwest, we pass 
successively over the edges of one group after the other. Reaching the 
Dakota, we find that this is doubled. Here, then, we have a synclinal 
fold immediately succeeded by an anticlinal. While both are due to the 
same case, namely lateral pressure, the horizontal dimensions of the 
latter exceed those of the former. As soon as we have passed this 
doubled portion we again reach Jurassic and then Triassic strata. 
Within the latter we reach the apex of the slanting fold. Beyond this 
the order of succession is again reversed until we reach the limit to 
which our examinations of the surface can extend. Colorado shales, 
standing on end, are the last group that appears clearly in this section. 
Drift obseures all the remaining portions. In the section, broken lines, 
indicating the various formations, have been extended, so as to show a 
connection with the metamorphic granite of the ridge southward. This 
has been done because we observe a small Triassic outcrop on the north 
_ Slope of the ridge, and because farther east we find the beds higher up. 
It will be seen that a line dividing the completed folds (p q) runs 
upward at a considerable angle. To this is due the fact that the Colo- 
rado shales are eliminated from the first synclinal fold which doubles 
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the Dakota sandstones. The line 7 0 has been drawn to mdicate the 
possible limits of the metamorphic granite (b). North of the sedi- 
mentary formations the section contains a body of granite (a4) which does 
not appear on the surface along that line, but crops out, holding the 
‘same relative position only a very short distance farther west. 

This section presents the most interesting case of plication which we 
observed in our district. I attribute it to the influence of the anticlinal 
upheaval which has previously been alluded to, and is marked B on the 
sections. The character of this section is in perfect accordance with the 
dynamic manifestations which we are accustomed to see in this region, 
and fully coincides in structure with the “oval quaquaversals” so fre- 
quently exhibited in this section of country. The overturn of the strata 
is an interesting and important feature. It is very much to be regretted 
that the thick Tertiary beds to the north prevent any outcrops in that 
direction, because the position of the Paleozoic groups there must neces- 
sarily atiord a large amount of information upon the nature and extent 
of the forces which produced these and other plications. 

On the Sweetwater Hills the Triassic beds are exposed again a short 
distance west of Whiskey Gap. They there retain the same relative 
position as heretofore. 

At Whiskey Gap we find the continuation of the Triassic beds. They 
appear along a line curving first north, then east, and finally southeast. 
A prominent bluff is formed by the superimposed Jurassic strata, below 
which the “red beds” form a steep northerly slope, bare of vegetation. 
An excellent oppertunity was here afforded to search the strata for fos- 
sils, but all our effort in that direction resulted merely in obtaining 
some fucoidal plates which were very poorly preserved. At this locality 
the division between the lower red shales and sandstones and the 
upper lighter ones is very marked. The latter group contains white, 
yellow, and pink sandstones, heavily bedded and interstratified with 
thin layers of pink and light-green shales. Below that follows the 
series of massive, highly argillaceous red sandstones. These overlie 
thick beds of bright red shale, containing interstata of yellow, pink, 
white, and bluish dolomites. Varying from 2 inches to 2 feet in thicl- 
ness, these hard beds produce slight terraces in the slopes occupied by 
the shales. 

In every respect, except in the absence of fossils, the red beds of this 
region closely resemble the Keuper Group of the South European Trias. 
The “ marnes trisées” of the French and “Bunte Mergel” of German geol- 
ogists agree closely. Although this group in Europe shows a great 
paucity of fossils, some typical genera occur which we fail to find in 
what we regard as the Triassic beds of the Rocky Mountains. The 
thickness of the formation east of Whiskey Gap may be regarded as 
very near 1,000 feet. 3 

Curving with the Paleozoic series, the red beds sweep around the 
western base of the Seminole Hills, and disappear altogether from the 
northern slope. Skirting the border of the hills on the south side, they 
gradually sink down and disappear in the vicinity of Sandy Creek Pass. 
There some slight local disturbances, probably nothing more than unin- 
portant faults, have caused a change of the dip, which is generally te 
the southward. ; 


JURA. 
Varying but slightly in character from the Jurassic beds east of the 


Wind River Range, we find the same formation exposed on the Sweet- 
water drainage. Essentially the arrangement of strata is the same, 
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changing a litile in relative thicknesses, however. We first met with 
Jurassic limestones in the western portion of the Sweetwater Hills. 
After but a short line of exposure, during which they remain conform- — 
able with the underlying red beds, they are hidden by younger deposits. — 
Again they appear east of Elkhorn Gap, taking partin the folding which — 
is represented by Section XII. Innumerable fossils were found at this — 
locality, limited unfortunately to Belemnites, Camptonectes, Pecten, and — 
Gryphea. Several specimens of the firstmamed genus were collected — 
which closely resemble B. brevis of the European Jura. At the east- 
ern end of the Seminole Hills, Jurassic beds occupy a prominent posi- 
tion. Resisting erosion more effectually than either the older Triassic 
or younger Cretaceous rocks, they form a conspicuous line of sharp, 
narrow ridges. In their course, these trend first toward the east, then 
turn south and flank the termination of the hills. Passing over to the 
southern slope, they are soon lost under the accumulation of younger 
formations. In the vicinity of Whiskey Gap an increase of the total 
thickness may be observed over that seen farther northwest. The entire 
series of beds here measures about 260 to 300 feet. 

Judging from the character of the. strata composing the formation, 
there is no doubt but that the Jurassic deposits of our district at one 
time formed a connected sheet. Now they are broken, through the 
agency of stratigraphical disturbances, and are exposed only at favor- 
able localities. We may assume, however, that unless removed by early 
erosion, the same beds extend through under the extensive series of 
Tertiary deposits which have accumulated in the region of the Sweet- 
water River. 


CRETACEOUS. 
Dakota Group. 


Cretaceous groups are represented very sparingly in the region of the 
Sweetwater. We find the lower sandstones of the Dakota Group pro- 
truding from under Tertiary deposits at the northern portion ofthe Sweet- 
water Hills. The characteristic yellow and white color, as well as the 
features of weathering, permit it readily to be recognized. Hast of Elk- 
horn Gap we again find it, very much folded by the plications occurrmg 
there. Section XII illustrates the position of the group. At one point 
we find it directly doubled, forming a synclinal fold, the horizontal ex- 
tent of which is equal to.zero. The two sides are closely joined in such 
away as to change the character of its usual appearance. 

In Whiskey Gap the members of this group occupy a very interesting 
position. Curving in the same direction and manner as the older forma- 
tions heretofore described, the strata curve around the western base of 
the Seminole Hills with a partiversal dip. From indications elsewhere 
obtained we find that a short distance farther west they take part in an 
anticlinal upheaval. In order to make clear the stratigraphical condi- 
tions within Whiskey Gap, I have prepared a section cutting across it 
from east to west and one from north to south. 

Section XIII commences at its eastern end, near the summit of the 
Seminole Hills, and extends across the gap to the eastern termination of 
the Sweetwater Hills. Beginning with the Paleozoic series, we find that 
the various formations along this line show a westerly dip. Resting 
upon metamorphic granite (a) we have the Silurian beds (b), which, in 
turn, are covered by Subcarboniferous (c). Above this occur the mas- 
sive blue limestones (d), which, farther east occupy the highest portions: 
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of the hills; they are succeeded by Permian (e) and Triassic strata (/). 
Jurassic beds (g) form a prominent, sharp ridge directly underlying the 
Dakota Group (i). This latter dips at an angle of very nearly 45°. 
Yellow and white sandstones, gray and brown shales, and beds of argil- 
laceous sandstone compose the series at this locality. Its thickness is 
about 700 feet. Overlying the Dakota we find Colorado shales (i), form- 
ing low bluffs which trend parallel to the others. Fox Hills (X) is the 
youngest group cut by this section. We observe that a short synclinal 
fold is very apparent here, followed immediately by an anticlinal (ce). 
From subsequent examinations we found that at this point we have the 
northern termination of a great anticlinal fold running north and south 
and ending near Rawlings Springs. In Chapter IV this will be more 
fully discussed. On the western side of the anticlinal the Fox Hills beds 
again dip eastward and disappear under a large mass of drift (m), which 
covers the end of the Sweetwater Hills. Exactlyin what relation the 
sedimentary beds stand to the granite (I) of these hills could not be de- 
termined, as none of the exposures afforded any evidence upon this point. 
In the section I have indicated the various groups as following in a di- 
minishing ratio the flexures observed on the surface. Farther south 
we have evidence which justifies the representation of such an arrange- 
ment. Their terminations to the westward are necessarily left doubtful. 
. Section XIV runs at approximately right angles to the preceding one 
within the gap. At its southern end we see the last slope of the anti- 
clinal (C), after which the strata resume a southerly dip. Going north- 
ward we cross one formation after the other in regular succession. The 
first prominent ridge is formed by Jurassic beds (g), and the second by 
Carboniferous limestone (d). North of the latter the Silurian quartzites 
appear in a narrow band. No granite reaches the surface along the line 
of this section. As it appears, however, a few miles farther east, it is 
introduced in the section (a) as covered partly by the quartzites (b) and 
partly by the Tertiary Sweetwater beds (S). 

On first sight the arrangement of strata in the immediate vicinity of 
Whiskey Gap is very puzzling, but as soonas the existence of the anti- 
clinal fold (C) is recognized the entire system becomes very clear. 


Colorado Group. 


But two localities are to be recorded where shales of the Colorado 
Group appear within the region. The first is near Elkhorn Gap, the 
second in Whiskey Gap. At the latter place the shales are dark gray, 
finely laminated, and contain numerous fragments of Inoceramus and 
Ostrea. Their thickness is about 650 to 700 feet. Within the gap they 
mostly occupy depressions, running parallel to the strike of the strata. 
From Sections XIIi and XIV, their position, as compared to that of 
other groups, may be seen. In the structure of the anticlinal (C) they 
are of considerable importance, and will be treated of at greater length 
in the succeeding chapter. 


Fox Hills Group. 


The only point where these were observed is in Whiskey Gap. Form- 
ing sharp, low ridges, they participate in the stratigraphical disturbances 
there occurring. Owing to the numerous changes of position to which 
they were subjected, it is rather difficult to estimate their total thickness. 
It is near 1,000 feet, and seems to increase toward the south. 
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CENOZOIC FORMATIONS. 
. TERTIARY. 


On the southern drainage of the Sweetwater we find a number of 
Tertiary groups. They shall not be considered in this chapter, however, 
as they form but a portion of a very extended series. To this will be 
devoted the greater part of the fourth chapter. For this reason I shall 
not attempt a discussion of any of these groups here, as it would neces- 
sarily be but fragmentary. Two groups, however, occupy very extensive 
areas in this region—the Sweetwater Group and some younger beds— 
which will be fully treated of. Although interesting to the palzontolo- 
gist, and in some of its features to the geologist, this series nevertheless 
is a great aggravation. Its great horizontal extent obscures. many re- 
gions of the utmost interest as regards stratigraphy, consequently a large 
portion of the structure of the country adjoining the Sweetwater can be 
established merely by insufficient data. Fortunately, the Tertiary beds 
have been removed at some points, and these afford information without 
which the correlations of older formations would remain very obscure. 


SWEETWATER GROUP. 


- A very striking aspect is presented in the vicinity of the Sweetwater by 
the enormous deposits of clays, sands, marls, and conglomerates. Frémont 
in passing through that region noticed them and comments upon them. 
Dr. Hayden visited this region in 1870, and describes the Sweetwater 
Group as “ brown, indurated sands”; * * * “among them are impure 
seams of lignite or carbonaceous clay, with layers of coarse sandstone or 
an aggregate of particles of quartz.” Evidently that section of country 
running parallel with the river was at one time the object of very exten- 
sive erosion. Into the basin formed thereby a series of Tertiary beds 
was deposited. Subsequent removal along nearly the same line afforded 
an opportunity for still younger beds to be deposited. Finally, or rather 
during the latter process of sedimentation, large masses of irregular drift 
were scattered all along the borders of this second lake. Near the Wind 
River Mountains this is of such a character that it can scarcely have 
been deposited in any other manner than by the action cf moving ice. 

On the northern edge of the Sweetwater Plateau we have occasion to 
observe the best outcrops of the Sweetwater Group. Overlying the 
beds which I have described as Wasatch we find an extensive series of 
brown, yellow, and white arenaceous marls and clays. Some sandstones, 
though not showing clearly defined stratification, complete the series. 

Higher up, toward the summit of the plateau edge, the sands and some 
conglomerates of yellow color become prevalent. On this side the 
loosely cemented material is very easily eroded, and forms steep, deeply 
furrowed slopes. All along the northern edge of the plateau the same 
beds can be traced, dipping very gently toward the east. This inclina- 
tion is so small that it is not perceptible unless a Jarge face be exposed. 
We find on the same line the contact of the Sweetwater Group with 
the older sedimentary groups, and observe the two to be unconformable. 
Reaching the Wasatch, which is the youngest Tertiary deposit I recog- 
nized on the Wind River drainage, we find that this shows a steady dip 
of about 2° to the northeastward. Noticing other formations, older, we find 
that this dip is due to the same influences which caused the elevation of 
the Wind River Range and the subsequent formation of the Sheep Mount- 
ain anticlinal. The angle of unconformability between the Wasatch 
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and the Sweetwater beds is not over 30’ to 1°, but it can distinctly be 
gnized. 
_ While the northern termination of the group is thus clearly defined, 
the southern is subject to greater variations. We meet with the most 
westerly outerops directly south of the area of metalliferous schists. <A 
high hill, Yellow Butte, upon which our station 21 was located, forms a 
prominent landmark of that region. Its base is composed of older 
‘Yertiary groups, but the upper portions on the northern slope show the 
indurated clays and arenaceous marls that are typical of the Sweetwater 
Group. I regard this as the first appearance of the group toward the 
southwest. Going toward the eastward from that point we find a series 
of hills formed by it, south and southwest of Saint Mary’s Ranch. East 
of tne station the high hills south of the river, which here take the 
name of Sweetwater Hills, are composed of strata belonging to the 
same group. In this region it overlies carboniferous limestones. The 
strata, so far as they can be distinguished, are very nearly horizon- 
tal. As we approach that portion of the Sweetwater Hills which is com- 
posed mainly of granite, we find the beds of this group confining them- 
selves mainly to the northern side. Near the outcrop of older sedimentary 
strata some prominent bluffs are still formed by it, but they soon dis- 
appear from the south side. In Elkhorn Gap the central butte, which 
has been mentioned in previous pages, is formed by strata belonging 
to the same series. They lie perfectly horizontally, and are eroded 
into various picturesque forms. All along the northern slope of the 
hills the outcrops of the Sweetwater Group are obscured by extensive 
accumulations of loose drift. North of the Seminole Hills the strata 
appear again in some high bluffs west of Sandy Creek, and then pass 
out of our district. 

Erosion has wrought very great changes in the distribution as well as 
in the vertical dimensions of this group. Perhaps the best exposures 
illustrating the latter may be obtained along the northern edge of the 
Sweetwater Plateau. From what was seen there, I should place the 
thickness of the series at 1,200 to 1,400 feet. No locality shows more 
completely the stupendous effects of erosion than this one. There is but 
little doubt that the beds composing the group at one time extended 
far beyond their present limits, but they have been removed and uti- 
lized in making up younger deposits. At the present time, therefore, we 
find exposed the older sedimentary formations from the Wasatch down- 
ward. As seen from a distance, I suspect the existence of some Green 
River strata inthe extreme northeastern portion of our district. As our 
work did not carry us into this region, however, owing to a lack of time, 
I cannot be positive on this subject. To the southward we find the Sweet- 
water Group overlying various groups, beginning with the Green River 
group and descending from that in the geological scale. 

Along the northern portion of the plateau a slight southerly dip of the 
strata can be observed, varying from 2° to 4°. Dr. Hayden noticed this 
feature in 1870, and regards it as due to the “last movements subse- 
quent to their deposition.” This occurrence will be further discussed 
below. Approaching toward the Sweetwater River from either north 
or south, we observe that the Pliocene beds entirely cover the Sweet- 
water Group. It is exposed only in some of the deeper gulches at 
localities from which it had not been removed by previous erosion. Dr, 
Hayden thus graphically describes the geological history of this valley :* 

‘All the unchanged formations, from the lignite Tertiary down to the massive feld- 
spathic granites, have been worn away, leaving the granites scattered over the valley 
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in the isolated ridges. At that time there was a fresh-water lake which occupied the — 
entire valley, much as Salt Lake once occupied the great basin, concealing most of the — 
granite ridges, while others rose above the water like islands. Then was deposited — 
what might be called the Sweetwater Group, or perhaps a series of beds identical — 
with the upper portion of the Wind River deposits. These were scooped out again in 
time, and the Pliocene marls and sands were deposited; and then again there was © 
another scooping out of the valley, and finally a covering the hills with drift.” 

As regards the geological position of this local deposit, there may 
appear to be some doubt. From what I have seen of it, I consider it 
younger than the Green River Group. This agrees with the views held 
by Dr. Hayden, Cope, and Comstock. At this place no more shall be 
said on the subject, because the relative positions of Tertiary groups will 
be more fully discussed in Chapter IV. 


Pliocene. 


Filling the excavation produced by the second period of erosion of the 
Sweetwater beds we find an extensive series of Pliocene deposits. Their 
greatest development was observed near the eastern termination of our 
district, decreasing as we proceed to the westward. Near the base of 
this Pliocene deposit we find a very loosely aggregated sandstone, almost 
partaking of the character of a conglomerate. It is light gray and yel- 
lowish, easily decomposing. Locally a few thin strata of yellow or gray 
more compact sandstone may be observed. Above this follows a succes- 
sion of light marls and indurated clays. Usually these are either very 
light yellow or white, but pink and greenish beds are not wanting. 
Toward the eastern termination of the group the strata become highly 
siliceous. Thoroughly permeated by silica, the clays become very hard 
and brittle. The former occurs also in the shape of narrow veins, con- 
cretions, and even strata. Chalcedony and flint are the two main vari- 
eties. Near the northern edge of the Sweetwater Plateau we perceive 
isolated, table-shaped bluffs rising above the general level. They are 
of dazzling white color, and are composed of soft, partly arenaceous 
mmarls. From this edge very even ridges slope gently down toward the 
Sweetwater. On the south side the same feature may be observed. 
Starting from the Sweetwater and Seminole Hills the ridges trend north 
and south, are very regular in form, and are composed of very nearly 
horizontal strata. Between Sandy Creek and the Sweetwater we find 
the Pliocene Group cut into sharp, prominent forms, due in part to the 
large amount of silica it contains. This produces angular forms upon 
weathering, while the soft marls and sands show gently-rounded slopes. - 
Near the northern slope of the hills extensive deposits of loose drift 
cover the strata, totally obscuring all junction-lines. 

For a considerable distance the Pliocene beds form the northern rim 
of the plateau, until they are crowded from this position by the remain- 
ing portions of the Sweetwater Group toward the west. Along a north 
and south line drawn about four or five miles east of Saint Mary’s Sta- 
tion we may regard their western limits as being located. Within the 
granitic area south of the river we tind them directly superimposed in 
snow-white masses upon the Carboniferous limestones. From there 
eastward they are confined within the Sweetwater Valley. Their heri- 
zontal distribution is entirely dependent upon the area of erosion within 
the Sweetwater Group. Along the slope of the plateau the Pliocene 
strata participate in the slight southerly dip which has been recorded as - 
existing in the Sweetwater Group. It amounts from 1° to 4°. 

In some of the upper beds of this series Dr. Hayden has found some 
very interesting mammalian remains, which place them on a parallel 
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with the Niobrara Group. We discovered several localities where such 
fossils were found, but they were too much weathered to be recognizable. 
It appears that at some places the bones are impregnated with silica, 
which renders their preservation almost a matter of course. Wherever 
this is not the case, however, good specimens can only be obtained by 
excavating. The identification of the fossils obtained is such as to leave 
no room for doubt as to the position of these beds. 
_ An interesting feature in connection with this series was observed 
near Agate Lakes, directly north of the Sweetwater. Innumerable 
_ moss- agates are strewn all over the surface. Some of them are very fine 
and eut admirably. So far as we could observe, all of them are water- 
‘worn, occurring in the form of small pebbles. The area upon which these 
agates may be “found measures about 6 square miles. We endeavored 
to find the original locality from which they came, but failed to do this 
to our satisfaction. At some places we observed narrow, irregular 
seams of quartz or milky opal running parallel with the strata of white 
marls. These contain dendritic inclusions of manganese, forming moss- 
agates. Innoinstance, however, was the mineralogical character of the 
quartz perfectly identical with that observed in the pebbles. Northeast 
_ of the locality at which we collected the agates we found a number of beds 
very highly siliceous, which showed similar forms in the quartz. They 
extended for a considerable distance. I am of the opinion that the nu- 
merous agates strewn over the ground were derived from the western 
continuation of the higher portions of these beds, which are entirely 
removed. The quartz which appears so plentifully in this region must 
have been held in solution, judging from the character of its distribution.. 
Pereolating through the loose marls and sands, the siliceous solution: 
deposited quartz in narrow seams and in layers parallel to the stratifica-. 
tion. Most likely this occurred while the silica was in a hydrous con-- 
dition. It is an accepted fact that the “‘moss” in agates is but the result. 
of impeded crystallization. Within this gelatinous quartz, then, this. 
incomplete process may have gone on until eventually the inclosing 
material became rigid. During our examinations of this region we saw” 
such enormous quantities of such material that the sum of our observa-- 
tions suggested this method of genesis. 

It is evident that the thickness of a group deposited in such a manner: 
as this Pliocene series must vary considerably. The best exposures were 
obtained low down on the Sweetwater and along the northern edge of” 
the plateau. From what was seen at these localities, I estimate the: 
maximum thickness of the Pliocene strata at 700 to 900 feet. Toward. 
the west they grow thinner, until finally they pinch out altogether. 


Wyoming conglomerate. 


This term has been used by Emmons and Hague to designate the wide-- 
spread conglomeritic accumulations of drift which may be assigned to» 
the Pliocene period. It is entirely structureless, and composed of the: 
most varying material. Essentially it may be regarded as the product 
of all formations existing within a given area. During the last era of 
extensive inundations it was deposited at the most convenient localities. 
Along the entire northern slope of the Sweetwater and Seminole Hills. 

we find enormous deposits of this material. No structure whatever can 
be observed there, and the whole mass forms merely a huge cover of° 
erratic bowlders. Their size varies somewhat, but does not reach any 
considerable dimensions. We find the narrow gullies running down from. 
the hillsides cut into this conglomerate, and the tops of the ridges are: 
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covered by it for some distance. Its presence is so marked a feature in | 
this region that it cannot be overlooked. With regard to its age, I con- 
sider the period of deposition as synchronous with that of the younger 


portions of the Pliocene marls and shales. It is found near the edges of 
the ancient lake, and was probably carried there by the waters draining 


into the former. It must not be mistaken for the glacial drift which 


occurs in the same region. The relative positions alone of these two 
deposits will easily determine their character. 


ERUPTIVES. 


No eruptives whatever are found in the area of which this chapter 
‘treats, except those basaltic dikes which are inclosed by Prozoic granites. 
Their general strike is northeast and southwest. In width they vary 
‘from a few feet to several hundred. This occurrence, both in the Granite 
Hills and in the granitic outcrops west of the Sweetwater Hills, presents 
.an instance of very old eruptives. Carboniferous and younger strata 
were observed in direct contact with the granites as well as with the dikes, 


‘but in no instance did the latter penetrate farther than the granites. In. 


‘Scotland a number of basaltic outcrops occur which are regarded as be- 
‘ing of Carboniferous age. Here we have an instance, however, of still 
.greaterage. From a distance the dikes appear as prominent black bands, 


generally closely conforming with the surface of the granites, but some- ‘ 


‘times rising above it as the adjoining rocks have been removed by ero- 
-Slon and disintegration. : 


POST-TERTIARY EROSION. 


Since the cessation of stratified deposition a large amount of erosion 
has shaped the present form of the Sweetwater region. Toward the 
north great masses of material have been carried off in a northeasterly 
‘direction, leaving the steep wall of the Sweetwater Plateau. ‘The cen- 
‘tral portion of the Tertiary groups has largely been cut away in a 
‘direction of west to east. This has produced the “trough” in which 
“we now find the river. From the southward slope of the plateau-beds, 
-at least several hundred feet in thickness have been removed from over a 
‘considerable area. Isolated, table-topped buttes, horizontally stratified, 
indicate the former vertical extent of the Pliocene beds. Gulches, 
‘ravines, and valleys have been carved into the easily-eroded material, 
-and large portions of this have been transported eastward. At a rough 
-estimate, we may say that fully one-fourth of the Pliocene beds north of 
the river has been carried away. Toward the south we notice exten- 
-Sive erosion also. Itismost prominent near the western termination of the 
Tertiary groups. Hundreds of feet in thickness have here been cut away, 
until the active waters found some stratum which arrested their work of 
‘destruction. Long, narrow ridges are produced by a former system of 
-ample parallel drainage. Deep gulches, now dry, then contained rush- 
‘ing streams of water. From the condition in which we find many of 
‘these ancient water-courses, we may infer that the influx of large streams 
‘ceased within a comparatively short space of time after the period at 
“which they had attained their maximum proportions. Theold beds show 
‘a steep fall and but little accumulation of drift. Both of these charac- 
teristics would be reversed had the quantities of water diminished at a 
very slow ratio. 

From the slopes of the Sweetwater and Seminole Hills, as well as 
from that of the plateau, large quantities of drift were carried toward 
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eriver. ‘We observe in consequence, firstly, a widening of the imme- 
diate river bottom, and, secondly, an accumulation of fine drift near 
it. Wherever the Sweetwater passes through some narrow gap in the 
lower half of its course, we generally notice : a decided widening of the 
bottom land immediately above the more restricted passage. “This is 
due to the accumulation of drift, which tended to equalize the level at such 
points. At the localities where this occurs we will see that the river 
follows a serpentine course. 


ANCIENT GLACIERS. 


Between Elkhorn and Whiskey Gaps, on the northern slope of the hills, 
the most striking remains of old glaciers were found. Directly east 
of the first-named depression we find extensive deposits of drift about 
half-way up the hills. They do not extend far down, however. A little 
farther east, on a creek which we named Glacier Creek, there are exten- 
sive moraines. Starting near the summit of the granitic hills, the glacier 
moyed down a narrow valley toward the north, receiving additional 
masses of ice from branches on either side. Spreading in an oval valley 
between the outcropping sedimentary beds and the metamorphics, the 
glacier covered an area of about two square miles. Finding its way 
through a narrow gap, the ice moved down in the valley of Glacier 
Creek, depositing very finely developed lateral moraines. These are 
arranged i in several parallel rows, showing that a number of small gla- 
ciers must have passed down the valley. In height they amount to about 
30 feet here. Lower down on the creek they become higher, until finally 
a huge mass of bowlders and drift announces the termination of the 
glacier. All the slopes and ridges of this immediate vicinity are cov- 
ered with glacial drift. It is here usually distributed without any order 
of arrangement, but in the valleys the moraines are well developed. 
For a considerable distance eastward we find a continuation of the 
same occurrences. So far as we could determine, the moraines do not 
extend beyond the immediate base of the hills, but wide, grassy valleys 
indicate the action of the waters formerly flowing off from the glaciers. 
These latter deposited a large amount of silt and soil, which now form 
the meadow grounds. 

At the northeastern end of the Sweetwater Hills we find a large de- 
posit of drift bowlders that has every appearance of morainal character. 
Jt is placed along the upper granitic slope and on benches formed by 
sedimentary strata. All the beds underlying this drift are entirely ob- 
secured, a feature which is indicated in Section XIII. Metamorphic 
bowlders mainly, and some composed of unchanged sedimentary material, 
form these moraines. It seems probable that the highest northern slope 
of this portion of the Sweetwater Hills was at one time covered, to a 
greater or less extent, by ice. Now it is densely timbered, and but few 
outcrops of rocks in ‘situ can be found. Wherever these are seen they 
are smooth and rounded. From the higher elevation the ice moved 
down along the northern slope, filling a number of narrow guiches and 
finally collecting i in a large field on Glacier Creek. 


DRIFT. 


From what has been said in previous pages, it is evident that a large 
amount of drift must occur in the Sweetwater region. Besides the 
Wyoming conglomerate and the glacial deposits, we find that class of 
transported erratic material known as river drift. It occurs along the 
river and is seattered in greater or less profusion over the adjacent blufts. 
Composed mainly of metamorphic material, a large portion of it has been 
brought from the region directly at the end of the Wind River Mount- 
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ains. A secondary class of drift, removed by fluviatile action, is aul 
in the accumulations of sand in the immediate vicinity of the river and — 
-in its bed. When found in the latter position it appears frequently as 
quicksand, rendering the foming of the stream a rather risky under- 
taking at some places. 

SOIL. 


Owing to the character of the strata near the river, the majority of — 
drift material in its valley, as well as in those of its tributaries, is found 
in the form of soil. All along the Sweetwater we find widening portions 
of the valley which are covered with good soil. A similar state of affairs 
may be observed in all the broad valleys of the Lower Sweetwater drain- 
age. Along the southward slope of the plateau soil covers the strata 
and sustains a thriving crop of sage-brush. Professor Comstock has 
furnished some interesting data in his report* upon the “ conservative 
action” of sagebrush in loose soil. For more detailed information upon 
the character and probable productiveness of the soil within the Sweet- 
water region I would refer to the report of Prof. Cyrus Thomas, con- 
tained in the report of the United States Geological Survey of Dr. Hay- 
den, 1870. He has made the agricultural resources of the West a special 
study for a number of years and is qualified to discuss questions of this 
nature that may at some day prove to be of considerable importance. 


SAND DUNES. 


On several places along the Sweetwater we observe accumulations of 
loose sand that owed their present position to the transporting action of 
wind. They are particularly noticeable in the vicinity of Whiskey Gap. 
Through the disintegration of the arenaceous marls and loosely-cemented 
sandstones of the region, large quantities of free sand are scattered over 
the bluffs and ridges. Westerly winds, which prevail in this section of 
country, drive the sand before them, until it reaches some permanent 
obstacle, and is arrested thereby in its progress. Thus we find deep 
banks of sand several hundred feet long piled up against small granitie 
outcrops, which have proved to be obstacles in their eastward course. 
In size they cannot be compared with the sand dunes farther south, but 
they are due to the same causes, and show the same detail features which 
there are exhibited on a much grander scale. Sandy Creek Pass leads 
over a series of sand dunes, which form the eastern termination of the 
extensive succession of such deposits in the southern area. As this will 
be considered fully in Chapter IV, this allusion may suffice. Wherever 
large masses of arenaceous rocks disintegrate, we find local accumula- 
tions of sand partaking somewhat of the character of dunes. 


RESUME OF THE SWEETWATER REGION. 


Within the area to which the third chapter is devoted we observe a 
number of features of great interest. One of the most prominent is that 
of the prozoic range. Beginning near the southern end of the Wind 
River Range, this chain of hills extends for more than eighty miles, sus- 
taining, substantially, but two breaks. . While the older or metalliferous 
schists disappear from view, we find the younger metamorphic rocks oc- 
cupying a prominent position. A very large proportion of these latter 
undoubtedly retain their normal position, but a part of them has been sub- 
jected to the influence of dynamic forces, and has totally changed its rela- 
tions to older groups. Taking the prozoic range as a base, we find that itis 

*Report Reconnaissance of Northwestern Wyoming, Captain Jones, 1873. Wash- 
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ington, 1874, p. 171. 
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‘crossed in the region of its lowest depression by a chain of metamorphic 
origin. This chain, so far as the evidence collected permits us to speak, 
is the direct result of an extensive upheaval along a curved line trend- 


wr , eta 
ing from north to south, southeast, and east. It seems surprising at 


_ first that neither the older schists nor the prozoic granites are brought 
_ to the surface by this extensive action. We must take into considera- 
tion, however, the thickness of the youngest metamorphic series, as ex- 


hibited farther northwest, and it will be apparent that, unless consider- 
_ able variations of the vertical dimensions occurred within a compara- 
_ tively short distance, the older series must remain hidden. Upon recog- 


nizing the structure of the hills formed by this southeasterly outcrop of 
metamorphics, we find in them a stratigraphical arrangement analogous 
to that of the Wind River Range. Here, as there, we have a predomi- 
nance of the one side of the anticlinal fold. In other words, the axis of 
upheaval does not stand vertical. This fact is shown not only by the 
non-appearance of the repetition of strata on its opposite side, but is in- 
dicated by the shape of the area of the metamorphics. Essentially this 


_ forms a wedge, showing that the force applied was not an equal one at 


all points. Were it so, then the outcrop would essentially represent a 
symmetrical figure. 

A second disturbance of metamorphic rocks is due to the more easterly 
anticlinal upheaval. In this instance the prozoic granites appear to 
have been affected somewhat thereby. Along a definite line—one coin- 
ciding with the longitudinal axis of the fold, we observe an exposure of 
metamorphic beds which have undoubtedly been raised from their nor- 
mal position by some locally-acting cause. This fold again may be 
traced farther to the southeast, forming a curve nearly parallel with the 
first one. Where appearing in an unmistakable manner at the surface, 
we find it to be analogous in direction, form, and results with the former. 
Reconstructing, then, a surface-picture of the region of the Sweetwater 
prior to the invasion by Tertiary waters, we obtain a result totally differ- 
ing from that presented to-day. Instead of a general slope to the east- 
ward we find that the region now occupied by the valley was cut by two 
ridges trending obliquely across it. Of these the western one was the 
higher. For some distance near the line now occupied by the river 
existed the divide from which the drainage flowed to the northwest and 
south. Farther downstream this line shifted toward the southeast and 
the drainage was mainly to the north. Bare and rugged, as to-day, the 
Granite Hills rose high above the surrounding country, never, probably, 
having been entirely under water. This distribution of drainage ac- 
counts for the primary erosion we find both to the north and south of 
the Sweetwater region, more particularly in the former direction. The 
dividing line was, in all probability, the eastward extension of the axis 
along which the Wind River Range was elevated. Thus prepared, hav- 
ing much of the sedimentary material removed by erosion, the successive 
valleys were ready to receive the influx of Tertiary waters. The analogy 
of the deposits with those found on Wind River indicate that a former 
connection between the two may have existed. They furthermore sub- 
stantiate the conclusions drawn from purely stratigraphical occurrences, 
that the main drainage-connection of this region was to the north and 
northeast. 

So far as the classification of the metamorphies is concerned, which 
here enter into consideration, we may refer them to the Huronian system. 

With regard to sedimentary formations, we may say that their appear- 
ance, which in some instances seems contradictory, is fully explained 
by the movements in which the older rocks have participated. When 
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first seen, the steady southerly dip of the sedimentary formations of the 
Sweetwater and Seminole Hills appears to be at total variance with their 
anticlinal structure. On account of the superincumbency of Tertiary 
strata the granitic outcrops are most frequently obscured for some dis- © 
tance, and the strata seem totally out of place. By tracing the con- 
nection with the two anticlinal folds, however, the necessity of such an 
arrangement as exhibited becomes clear. Although I do not doubt that 
a large portion of the sedimentary beds have been removed from the 
region now occupied by the Sweetwater Group, I consider it highly proba- 
ble that considerable masses still exist at some depth, which, if exposed, 
would furnish us with the northern slopes of the anticlinal folds. An 
interesting case is presented in Section XII, where the sedimentary 
strata have twice been doubled by lateral pressure. In this instance the 
‘granite, which had previously reached the surface by virtue of the west- 
erly anticlinal upheaval, formed an immovable barrier. Between this 
and the portions elevated by the second fold lay a series of beds which 
were thus plicated by the force which propelled upward the metamorphic 
rock first rising into view. 

In the presence of the Tertiary groups of the Sweetwater region we 
have before us a representative of one of the most interesting features of 
the western country. The comparatively large number of basins which 
have existed during previous periods, and which do exist at the present 
time, is a characteristic which is productive of the most surprising va- 
riation. Local accumulations of this kind sadly interfere with the ae- - 
cepted standards of geological succession of groups. Paleontological 
evidence is generally the only resource, in such case, whereby their rela- 
tive positions can be determined. In the succeeding chapter, I shall 
have occasion to speak of a number of Tertiary groups, and shall there 
discuss, in connection with others, the relations of the Sweetwater series. 
Interesting, as well as instructive, when viewed together with other 
facts, is the nature and distribution of the Wyoming conglomerate. We 
know that.a number of the Tertiary groups of the west contain varying 
masses of such material. This is the youngest one within the forma- 
tion, one spread widely over the country. 

Evidence exists in this district that some of the glaciers starting from 
the Wind River Range extended for very long distances, but as the 
main portion of the proof is found beyond the Sweetwater drainage, this 
shall be treated of in the succeeding chapter. In the Sweetwater Hills 
we find the remains of “ extinct” glaciers, which occupied a more or less 
restricted area. I doubt not but that the surrounding conditions were 
particularly favorable to their formation at this point, and that they re- 
ceded, and finally disappeared, in a ratio proportionate to the destruction 
of those causes that first led to their origin. So far as I have seen the 
western country, I am persuaded that the glaciation of certain regions 
was due more directly to local meteorological causes than to the existence 
of a general glacial epoch. In consequence, I do not believe that the 
glaciers of the Sweetwater Hills of Wyoming and those of the San Juan 
mountains in Colorado were formed at the same time, or disappeared 
synchronously. The general depression of temperature during a certain 
epoch cannot be denied, but it does not necessarily include the factor of 
very abundant precipitation, which is the first condition essential to the 
formation and perpetuation of glaciers. 

References have been given in the itinerary and in Chapter I to the 
elimatal conditions and agricultural pursuits of this region. It has often 
been spoken of with especial reference to these subjects, and the re- 
marks thereupon may prove to afford some additional information. 


CHAPTER IV. 


GEOLOGY OF THE DEPRESSED SOUTHERN AREA. 


GENERAL STRUCTURE. 


This entire area comprises more than one-third of our district, ex- 
tending southward from the Wind River Mountains, the Sweetwater 
and Seminole Hills, to the southern limits of our work. It is essentially 
a low bluff country, formed by gentle undulations of the groups compos- 
ing it. Beginning in the western end, we find bluff succeeding bluff 
until, in the vicinity of Mount Essex, the general character is slightly 
changed by the appearance of some eruptive rocks. From there east- 
ward we pass through the low depression which we have called the 
Shoshone Basin. Farther on we cross the anticlinal fold running from 
Whiskey Gap to Rawlings Springs. Beyond that, to the eastern. limits 
of our district, the strata dip eastward, forming blutis with steep western 
slopes and gentle inclines in the opposite direction. Combined with the 
east and west flexure of the strata, we observe a steady though slight 
dip to the southward, indicating a continuation of that observed farther 
north in the beds of the Sweetwater Group. 

Within this entire area we meet with mainly the younger sedimentary 
formations. Along the anticlinal upheaval above alluded to we find 
exposures of older groups, but they are confined to a restricted area. 

~The Tertiary formation is well represented, and to its consideration will 
be devoted the larger portion of this chapter. 


METAMORPHICS. 


But one outcrop of metamorphic rocks in sitw was observed in this 
area. It occurs on and near Rawlings Peak, along the line of the anti- 
clinal uplift. Forming the central mass of this hill, it extends for a 
short distance to the southward, appearing exposed in rugged masses. 
On all sides it is soon covered by unchanged sedimentary beds, thus 
forming the nucleus of a quaquaversal arrangement of strata. The rock 
is essentially a granitic one, consisting of oligoclase, orthoclase, gray 
and white quartz, light-green, partly fibrous hornblende, and a small 
quantity of mica. It might be termed a stratified or stratoid granitic 
syenite at some points. Its general color is a muddy green, red in some 
places. No doubt this granite extends northward for a considerable dis-- 
tance, but it does not appear on the surface again. So far as can be 
seen, the structure of this rock conforms to the anticlinical upheaval by 
which it has been placed in such a position as to appear upon the surface. 
Overlying the syenite we find a series of sedimentary formations, whieh. 
extend for some distance beyond it on three sides. 


SILURIAN. 
Potsdam Group. 


Directly above the metamorphic rocks we observe a series of quartzitess 
and sandstones, dipping off to the west, north, and east. Towards the» 
west, the dip is steep at first, amounting to about 45°, but is somewhat: 

119 


120 REPORT UNITED STATES GEOLOGICAL SURVEY. 


diminished as it recedes from the central mass. Northward the dip is 
least, about 10° to 15°, causing the Potsdam strata to disappear under — 
the younger beds. East of the peak, the quartzites first incline steeply, 
but soon lose their high angle, and are reduced to an inclination of 15° 
to 18°. Gray, white, and red quartzites and some sandstones compose 
the series. A good section may be obtained at the southern base of 
Rawlings Peak. There the thickness of the beds appears to be some- 
what over 600 feet. 


Calciferous Group. 


Above the quartzites and sandstones a thin series of caleareous and 
dolomitic, partly arenaceous beds may be found. I am in doubt whether 
they should be referred to this group. No fossils were found in them, 
and their position cannot be regarded as established. In lithological 
character they agree with the members of the Calciferous Group else- 
where, but they may represent portions of the Subecarboniferous. Be- 
neath these limestones and dolomites a highly interesting deposit of 
“red paint” occurs. It is composed of red hematite, exceedingly homo- 
geneous in texture, and free from impurities. Some of itis fibrous, and 
is usually regarded as nearly chemically pure. A large quarry has been 
opened, and the hematite has been obtained from it for commercial pur- 
poses. Judging from surface indications, its extent is considerable, but 
the overlying beds rendered it impossible to form any accurate estimate. 


" CARBONIFEROUS. 
Subcarboniferous Group. 


A series of yellow and gray, partly arenaceous, magnesian limestones 
may be referred to this group. They overlie the dolomites which have 
been regarded as doubtfully Calciferous. An exposure of these strata 
may be seen on the narrow ridge leading from the “‘red-paint mine” to 
the southeast. Here they show a dip of about 30° eastward, veering 
gradually to northeast. Enormous masses of drift material, which 
cover all the depressions and many of the ridges in this region, ob- 
secures the continuation and vertical development of the strata very 
‘much. To the west the same conditions are found to be repeated. Dip- 
‘ping at an angle of 30° to 35° westward, the strata rapidly disappear 
‘from sight. Northward the dip is more gentle. An estimate of their 
thickness, which is rendered more or less inaccurate by the superposi- 
‘tion of drift, places the thickness of this group at about 200 to 300 feet. 
_No fossils were found except some indistinct corals. 


Carboniferous Group. 


After passing the Subcarboniferous strata east of Rawlings Peak, we 
-eross a flat valley about 2 miles in width. Ascending a gently sloping 
‘ridge on the eastern side of this depression, we find outcrops of Car- 
‘boniferous limestones. We have here reached the upper members of 
‘the group. Along this line no other exposure is found in the valley. 
-From what we can learn from the occurrences west and north, we are 
‘enabled to say that the Carboniferous limestones dip to the eastward 
‘throughout, beginning with an angle of about 20°, which decreases to 
:8° on the ridge mentioned. West of the peak the exposures are more 
Satisfactory, as also north of it. We there meet with the characteristic 
{blue limestones, highly siliceous and massively bedded. Much of the 


ENDLICH.] - SOUTHERN AREA—MESOZOIC FORMATIONS. 12% 


area over which they were originally exposed is covered by drift, so that 
but fragmentary information can be obtained. In general arrangement 
of the succession of strata the group here compares favorably with the 
outcrops in the Seminole Hills. So far as I could determine, the thick- 
ness is diminished, amounting to about 1,400 to 1,600 feet. With the 
steadily changing dip and the disconnected exposures, it is a difficult 
matter to reach any accurate estimate of the vertical dimensions. Within 
these limestones, Productus, Orthis, and some Crinoids were found. 


Permian Group. 


East of the anticlinal fold, resting directly upon the upper portions of 
the Carboniferous limestones, some yellow, light-gray, and pink sand- 
stones and shales occur. They closely resemble the Permian beds from 
adjoining regions. Drift covered all but a small portion of them, so 
that I nowhere obtained a satisfactory exposure. The thickness of this 
series will here not much, if any, exceed 150 feet. 


TRIAS. 


On the eastern side, the Triassic beds are almost entirely hidden by 
drift, but they were found exposed to the north and west. They occupy 
but a comparatively small area, being covered partly by drift, partly by 
the succeeding younger formations. Sandstones and shales of a dark- 
red color below are followed by massive beds of bright-red shales. 
Heavy sandstones interstratified with shales, red at first, and changing 
into pink, yellow, and whitish, close the formation. In the thick beds of 
shale the characteristic banks of dolomitic composition are found that 
occur elsewhere in the same horizon. Near the base of the lower sand- 
stones Mr. 8. F. Emmons* observed a bed of semi-crystalline lime- 
stone, and collected from it a number of specimens of Natica Lelia. This 
is the only genus and species which I know to have been found in the 
Triassic formation of our district. From the outcrops to the west and 
north the total thickness of the keds may be regarded as over 600 feet. 
In stratigraphical arrangement the Triassic beds are conformable to 
those described above. 

JURA. 


A series of marls and limestones which occur above the red beds, indi- 
cate the presence of the Jurassic formation. We find the arrangement 
of the strata to be relatively the same as observed at other localities. 
Dark-gray, partly argillaceous and arenaceous limestones near the base, 

followed by yellow, gray, and white shales and marls, which contain an 
occasional interstratum of limestone. Emmons obtained Camptonectes, 
Belemnites, Eumicrotis, and Astarte from the lower limestones; we found 
Belemnites while passing over them. The vertical development of the 
Jurassic beds has somewhat diminished as compared to occurrences 
further north. We may regard the thickness as a little over 100 feet 


CRETACEOUS. 


Within this southern area we have a full development of the Cretaceous 
formation. While the groups heretofore described owe their surface 
exposure to a cause that may be regarded as accidental, we can consider 
the Cretaceous beds as typical for the southeastern portion of our dis- 


*Rep. Geol. Expl. 40th Parallel, vol. ii, 1877, p. 162. 
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trict. It is true that their present prominent position is due, in a meas- 
ure, to the same disturbances mentioned above, but they occupy an 
extensive area and reach considerable vertical dimensions. Two dis- 
tricts may be cited as exhibiting groups belonging to the formation. 
The first is the region north and east of Rawlings Peak; the second, 
the vicinity of Salt Wells Station on the Union Pacific Railroad. It 
will be seen that the termination of an anticlinal upheaval, or an “ oval 
quaquaversal,” has produced the outcrops at this latter locality. From 
what has been observed within our district and regions adjoining, both 
east and west, we can conclude that the entire Cretaceous formation 
underlies all the younger sedimentary formations, which we shall have 
occasion to discuss in subjoined pages. It is thoroughly well developed 
throughout, and wherever it appears shows a singular persistence of 
typical features within each group. 


Dakota Group. 


Overlying the strata of Jurassic age we find the conglomeritic sand- 
stones of the Dakota Group. Succeeding are shales, yellow, brown, and 
gray. The lighter sandstones occurring near the top form a prominent 
outcrop. It can be traced continuously, dipping conformably with older 
formations, in three directions. South of Whiskey Gap, the Dakota 
sandstones disappear, again to be exposed within the gap and along the 
southwestern and southern slope of the Seminole Hills. No percepti- 
ble variation from the thickness as found in the gap can be noticed. 
Although the Cretaceous groups certainly show a decided amplification 
toward the south, this is not sufficiently great at this locality to appear 
prominently. The usual seams of carbonaceous material were found in 
the lower shales of the group. No fossils were collected, as the out- 
cropping strata were very much weathered, and but few badly preserved 
plant-remains were seen. 


Colorado Group. 


In Section XIV the northern exposure of Colorado shales is given. It 
is there produced, at the southwestern end of Whiskey Gap, by the effect 
of the north to south anticlinal upheaval. Following the shales in a diree- 
tion a little east of south, we remain upon their outcrop as produced by 
the uplift. They show a steady diminishing dip to the eastward. To- 
gether with the Dakota Group they form a prominent ridge, trending 
almost parallel with the longitudinal anticlinal axis, swerving a little to 
the eastward, however. The shales are very finely laminated, arenace- 
ous in part, and show interstrata of hard caleareous beds or of sand- — 
stones. An admixture of ferric oxygen compounds imparts to them a 
rusty brown color at a few places, but usually they are dark gray, nearly 
black. Numerous joints and fissures traverse the shales, admitting 
moisture, and thus giving rise to the only spring of the region, Brown’s 
Spring. In the upper portion of the shales several beds of sandstone 
set in, forming a sharp cap near the summit of the ridge. It seems that 
the Colorado shales of this locality are harder than elsewhere, and in 
many instances resist erosion more effectually than is generally the case. 
We observe, in connection with this series of outcrops, a feature that can 
be regarded as characteristic of the group. This consists in the rapid 
increase of dip upon reaching the upper members of the shales. In this 
instance the inclination eastward amounts to about 8°, but near the end 
of the Colorado shales it is increased to about 14°. Whether this be due 
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to a settling of the strata along the lines of greatest pressure, or to an 
exfoliation by partial hydration of those portions from which pressure 
is removed, may remain an open question. Personally, I am inclined 
to favor the latter proposition, although I am not able to proveit. East 
of the ridge, the dip of the shales becomes very slight, amounting to 
about 6°. A wide, flat valley is there excavated by erosion, the drift of 
which effectually conceals all outcrops. Near the western base of a igh 
bluff east of the valley we obtain the data as to dip. On the western 
side of the anticlinal we find the same group, but so arranged as to dip - 
in the opposite direction. At the northern end the arch connecting the 
two is complete and well exposed. It is represented in Section XIII. 

Within the shales numerous fragments of Inoceramus and Ostrea con- 
gesta were found wherever they were exposed. Toward the south the 
group appears to develop considerably in vertical extent. Its maximum 
thickness may be regarded at 900 feet. 

Directly north of Salt Wells we find the other occurrence of Colorado 
shales in this southernarea. It there owes its position to the formation 
of an anticlinal fold extending to the southwest. We have within our 
district but the extreme northern portion of this disturbance, which 
manifests itself in the production of a partiversal arrangement of the 
strata. At that locality, the oldest group reaching to the surface is that 
of the Colorado shales. Dakota beds are not exposed until we travel 
some distance southward. Covered by the Fox Hills series, the shales 
occupy but a very restricted area, and do not appear again until north 
of the Sweetwater divide. 


Fox Hills Group. 


In Whiskey Gap we find the northern termination of the area over 
which this group is exposed. We there have occasion to observe very 
clearly the effect of the anticlinal upheaval. The Fox Hills series is 
broken along the line cut by section XIII; but a short distance north- 
ward it is continuous again. Forming a steep synclinal fold, the one 
portion of the group branches off to the eastward, flanking the southern 
slope of the Seminole Hills. The other follows a line of outcrop. about 
southeast, dipping a little north of east. This latter owes its position 
to the anticlinal uplift. We find that the beds of this group form a 
prominent ridge, rising steeply from the valley directly east of that pro- 
duced by the upturned Colorado shales. Dipping eastward at an angle 
of 4° to 6°, the Fox Hills strata gently slope toward the lower country. 
As usual, the series is here composed of yellow, brown, and grayish, 
highly arenaceous shales. Beds of sandstone and some of pure argillites 
occur within them. Toward the top, sandstones of comparatively fine 
texture set in, forming a cap which protects the underlying shales from 
total disintegration. Steep slopes characterize the exposed edges of the 
strata, while the upper sandstones form even or gently-rounded slopes. 
Some of the highest sandstone strata are very nearly white. Decom- 
posing readily, the shales furnish an excellent supply for the production 
of alkali. They contain, as well as the Colorado shales, small inclosures 
and seams of pyrite, which aid rapid chemical changes. Within the beds 
referable to this group we found numerous fragments of Inoceramus and 
a Turbonella. Some small seams of coal occur near the top, but their 
outerops were so much obscured that the thickness could not be meas- 
ured. Along this eastern ridge, the Fox Hills Group reaches a vertical 
development of about 1,000 to 1,100 feet. A section (Section XV) taken 
through the anticlinal ridge a short distance north of Rawlings Peak will 
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explain the relative position of all the groups involved in the movement. 
On its western side we find a corresponding arrangement of the Fox Hills 
Series, with the exception that the dip is relatively larger, and permits 
but a smaller area to be exposed. The entire structure of the country 
west of this anticlinal is exceedingly simple, consisting mainly in a shal- 
low synclinal basin toward the south and an almost unbroken plain to 
the north. . 

Section XV runs nearly east and west. We find the anticlinal upliit 
_(C) culminating in the elevation of the granitic syenite (a) which forms 
Rawlings Peak. To the eastward, Silurian quartzites (b) are resting di- 
rectly upon it. At the horizon indicated (P) we find the deposit of red 
paint. Calciferous strata (c) occupy a very subordinate position, under- 
lying the Subecarboniferous Group (d). Here we begin to notice a decided 
diminishing of the dips. Massive beds of Carboniferous limestone (e) are 
almost totally covered by loose drift (0), and appear only on a small 
ridge, where the higher members of the group are exposed. Permian 
beds (7) crop out overlying them. Their eastern continuation, the Triassic 
beds (g), and the larger portion of Jurassic strata (h) are covered by the. 
drift (7) of the second valley. Ascending the ridge eastward, we pass 
over the members of the Dakota Group (i), and reach the Colorado 
shales (k). Following the eastward slope of these beds, which gradually 
diminish in dip, we find an extensive lake deposit (m), extending to the 
base of the Fox Hul series (1). On the western side of the anticlinal we 
find the same succession, with an increased dip of the beds, however. 
Here we are enabled to obtain a better section, as but one deposit of 
drift (p) especially interferes with our observations. On this side the 
Laramie Group (q) has been introduced, which covers the Fox Hills. 

Near Salt Wells the Fox Hills beds are well developed and occupy a 
very prominent position. A valley of approximately semicircular shape 
lies directly north of the railroad, bordered entirely by steep, brown 
bluffs. We find upon examination that these are composed of the char- 
acteristic shales and sandstones of the Fox Hills series. Dipping off in 
every direction, they present a most typical partiversal arrangement of 
the strata. Near the base they are composed of thinly bedded sand- 
Stones. These are followed by yellow and brown shales, more or less 
arenaceous and micaceous. Above these we find a succession of sand- 
stones and shales, containing carbonaceous strata. A recess in the bluffs 
is caused by the higher series of shales. The latter are covered by sand: 
stone strata of varying thickness, separated from each other by shales. 
Some good coal is found in this horizon. Near the top we find massive 
yellow sandstones overlaid by thin beds of shale and some white sand- 
Stones. Throughout the group fragments of Inoceramus are very plenti- 
ful, but other fossils appear to be rare. On every side the beds are con- 
formably overlaid by strata of the Laramie Group. In speaking of the 
Tertiary Groups of this region sections will be given showing the arrange- 
ment of strata at this locality. The thickness of the Fox Hills Group 
here is about 1,200 to 1,300 feet. 


POST-CRETACEOUS. 
Laramie Group. 


The Laramie Group has a wide distribution in this region. On the 
west side of the anticlinal we can trace it northward nearly to Whiskey 
Gap. There the drift obscures all definition as to its termination, but I 
am inclined to think that it juts directly against the granites of the 
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Sweetwater Hills. Fora considerable distance north no dip is noticeable 
except that to the west. Near the hills, however, we notice a slight inclina- 
tion to the southward. Itis not more than 2° or 3°, and unless a large area 
is in view cannot be seen. From there the Laramie beds continue in a 
westerly direction until hidden by Tertiary beds. From the stratigraph- 
ical structure of the entire region we see that this group forms a basin, 
and, so far as we could determine, the younger strata are conformable 
thereto. This is the one that, in its surface appearance, has been desig- 
nated as the Shoshone Basin. As we cross the strike of the Laramie 
beds, we notice that their dip decreases, amounting finally to only 
about 2°. Loose drift covers the bluffs and valleys very extensively, 
somewhat interfering with the recognition of continuations of strata. 
_ From the facts which we obtained with reference to the Laramie Group 
of this region we may regard it as composed entirely of sandstones, 
shales, marls, clays, and coals. 

Near the base heavy sandstones set in, soon superseded, however, by 
shales. These contain strata of sandstones at varying intervals. A 
number of coal-beds were found overlying these sandstones. The coal 
is generally covered by a comparatively thin stratum of sandstone, upon 
which follow clays, shales, and arenaceous marls. Higher up we find a 
succession of sandstones interstratified with shale. Gypsum in the form 
of selenite is quite frequently found in the latter. The higher members 
of the group are composed of yellow and white sandstones, containing 
several beds of coal, and dark, often carbonaceous shales. Sandstones 
mediate the transition into the Lower Tertiary Groups. We may regard 
the lowest coal-horizon as the most productive one. In Colorado we find 
the same character exhibited as to the utility of the coal. The total 
thickness of this group, west of Rawlings Springs and from tlere north- 
ward, may be estimated at nearly 1,600 feet. 

in the vicinity of Rawlings some coal is mined in the lower beds. The 
demand does not warrant the prosecution of work during the entire year, 
but a sufiiciently large quantity can be disposed of to make the produc- 
tion of coal remunerative. Near Fillmore and Summit we found a num- 
ber of abandoned openings on coal-banks, some of which appeared to 
extend into the veins for considerable distances. In most cases the roofs 
were either too unsafe, or the holes were full of water, so that we could 
not make any extended examinations. East of Fillmore we found an old 
tunnel, at the mouth of which a huge dump of sleked coal indicated 
that a good deal of work had been expended on the vein. <A section 
obtained there of the strata immediately above the coal-bank may fur- 
nish a general idea of the beds usually associated with the coal. Begin- 
ning pH the top of the small bluff into which the tunnel was driven we 
found : . 


k. Yellow, middle-grained sandstones. Contain argillaceous bands.......--. 5 feet. 
i. Gray, laminated shales, exfoliating upon weathering ..-.-...----..-..-.---- 9 feet. 
h. Yeliow sandstone, with reddish stains. Fossil plants....-....--.......---. 2 feet. 
g. White, coarse-grained, argillaceous sandstone, with thin seams of light- 
RSE OVEN CNet ct er aren Rt a ee de tira 7 feet. 
f. Yellow sandstones, ferruginous and hard, with Calamites and other plants.. 3 feet. 
e. Light-gray very fine-grained shales with minnte crystals of selenite........ 5 feet. 
d. White coarse-grained sandstone, readily weathering into rounded forms.... 6 feet. 
e. Gray and drab, highly argillaceous shales and clays, with leaves and selenite. 4 feet. 
b. Carbonaceous shales, containing thin seams of coal.............----------- 6 feet. 
TRO. -)2i}- aide ARE S4- At aee es oma. Geos b pds ale bi aldsh 9 0oo ae oko n J 4d -/ds ee 


In connection with these outcrops of coal we had occasion to observe 
the extensive alteration of exterior appearance produced by their taking 
fire. At a number of localities we had observed brilliant red shales with- 
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out being able properly to account for their presence. It was found that 
several of the dumps wereignited, a common condition due to spontaneous 
combustion of the coal, which is produced by the decomposition of pyrite. 
In thesame manner probably the coal in situ took fire and burned so long 
as the supply of oxygen could sustain aflame. Through this process of 
metamorphosis by heat the overlying beds containing more or less 
hydrated ferric oxide were changed to a bright vermilion color. We 
found sandstones, the faces and edges of which had been literally glazed — 
by the long-continued action of heat. Fragments were firmly baked 
together, and resembled cinders from a furnace. Purely argillaceous 
shales and clays had been thoroughly fritted, and were altered into very 
hard, compact porcelain jasper. When found in small pieces, this latter 
is generally red on the outside surface, but upon being broken it is of a 
greenish-blue color. This difference is due to coloring produced in the 
first instance by ferric and the second by ferrous oxides. Prof. J. A. 
Allen, of Cambridge, has observed similar occurrences, and has published 
a highly-interesting paper upon the subject.* Throughout the area cov- 
ered by the Laramie Group, and in some of the Wasatch beds, we found 
the same red color of strata produced by the same causes. 

In the vicinity of Salt Wells we observed the Laramie Group again 
exposed. It there follows a line of outcrop similar to that shown by the 
Fox Hills. Dipping in three directions, the exposure to the north occu- 
pies the smallest area. On the west side the beds dip off steeply from 
the Fox Hills, following a strike which carries them to Rock Springs. 
Here large masses of oysters were found along the slopes of small 
bluffs. They were determined as Ostrea Wyomingensis and O. glabra. 
Coal-beds are found here in the Laramie Group, a short distance above 
the Cretaceous strata. Their outcrops were too much decomposed to 
afford any material for analysis. I here insert an assay made by Pro- 
fessor Frazer, and published in the report for 1870. The coal is from 
Rock Springs, and there occurs as a direct continuation of the beds we 
observed northwest of Salt Wells: 


Per cent, 

Molatilemmatter sos e ec oc ccce conc Soe ce ne we nccle sia ieciin tam isms /oie oan tele eee ieee 42. 62 
Coley ek Fos Saree He oo Ee Eee oa ee Seer 54. 88 
Aishiets supe ae (ed sels ey ae ys Sp aes RSME Nae SEL ea EE 11.00 
Sulphur pao n's) omcim ce psiciore oles We Suis aitwad leon ah etom pacrteye ees eae ee eee ee 00. 50 
100. 00 


Following the Laramie beds along their strike, we are carried to the 
eastward and then southeast in a line reaching Point of Rocks. An 
analysis made by Professor Frazer of coal from this place yielded him: 


: Per cent. 

WROISHUILO ses eee eis ecinwe wise eee SESE LEE EE ela eemin cine aie temecinin ae oma 8. 54 
Molalla attetess can tees dons SOREN eee ee ec ee nce wee eae 30. 60 
Carbonate san che, Sis okivoicteiess, el Le SRR SRR cite ore ob cole 52, 34 
JUSS 000), C206 Bene SB ERO EEE EE D ee neo Homa ate m Onoe n0Os Cos Uoon Baer norcrigsicia s 8. 52 
100. 00 


From a comparison of these results with those obtained by W. Ash- 
burner, who analyzed some coal from Separation, it will be found that 


*Metamorphism produced by the burning of lignite beds in Dakota and Montana. 
J. &. Allen, Boston, 1874. 
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_ gome difference exists. The latter determined the composition as fol- 
lows: 


: Per cent. 
MPMIER CIMCON. Sutter SP Yt ys a a aise oh Heid sale dad bid cde bins Selah e@e teamaoaleae's 48. 00 
RETOUR clan Sc oi ce alent Ah mis mins cin dias win a da. om «. Seiisnaheeteee turd ae be 50. 57 

I ates ee cre oe Pernt coe cane an cciee apes welewiccen euwtdoe ed cee 1.43 
100. 00 


Comparing these with the mean average taken from 34 analyses of 
Colorado coal, we find a striking constancy of the percentage of fixed. 
carbon : 


Per eent 
BREEN SH eee kee peccuee apt siete Bea poet a aL dae ol Ramee natielt 6. 43 
SIMU TULIOREe a ete  ete ete te ann ee ero nae dns es cots tem ee Sona ceo e nemcas 52, 5r 
BR OLer SN TNLOE Soetae et ome neck che whee La Sd Oo SPE ea oak. 34. 09 
uerrepeee cei ies Se ee Ae) leaps 50 yeeath ste sase oa Jo eo ewk wih bie < 6. 83 


| 


It is a matter of experience that different banks of coal, though occur- 

ring in the same horizon, frequently vary considerably as to the quantity 

- of ash they contain. Itis due to more or less accidental admixtures, 

and frequently to inclusions of clay and gypsum between the narrow 
seams which traverse nearly all of the younger coals. 

Besides these two “fields” we find no further outcrop of the Laramie 

_ Group in our district. An enormous amount of coal that may be utilized 

_ at some future time is stored within this area. At present, so abundant 

_ a supply is offered at the most advantageous localities that it may be’ 


. as 


centuries hence before the treasures of this section will be sought after.* 


TERTIARY. 


Wasatch Group. 


Directly overlying the upper sandstones of the Laramie Group, we 
find an extensive series of sandstones, shales, and marls, which form the 
Wasatch Group. The most extensive section of the entire group may 
be obtained north of Salt Wells. Passing down along the northward 
sloping Laramie beds, we find a heavy mass of variegated marls overly- 
ing some shales and sands. Conformable with the underlying strata 
these dip northward at a diminishing angle. Deep caiions are cut into the 
marls, and some very grotesque forms are carved out of them by erosion. 
They present a very handsome variation of coloring. Red, brown, and 
maroon strata alternate with white, yellow, and greenish ones. Isolated 
Strata of sandstone are found at several horizons. As a rule, the marls 
are highly arenaceous; but some strata can be found which are free 
from sand. At the base of these marls accumulations of conglomerate 
may be found at some places. The upper portions of the Wasatch 
Group are formed by yellow and brown shales and loosely-cemented 
sandstones. Some of the latter contain numerous siliceous concretions, 
which appear in the form of chalcedony and agate. In the upper sand- 
stones and shales we find a number of Carbonaceous layers and some 
small seams of coal. 

Passing over some rusty sandstones, we finally reach the base of the 
Green River series. At the point of greatest development which we 
observed, the lower marls reach a thickness of 600 to 700 feet. I regard 


* Notr.—In my report upon the coal-beds of Evanston, which is in preparation, I 
shall have occasion to enter into the interesting geological questions connected with 
oe Laramie Group, as well as into the economic value of the various ‘“‘lignitic” 
coals.—E. 
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them, from their position and character, as analogous to the Puerco 
marls of New Mexico and Colorado. The series of upper sandstones and 
shales reaches a thickness of about 600 feet. Within this region a num-_ 
ber of volcanic eruptions have taken place. North and northeast of 
Salt Wells several buttes occur, forming prominent features in the 
landscape. Essex Mountain is one of these. From its summit we can 
trace, by the color, the extension of the Wasatch Group. At this lo- 
cality the strata have assumed a horizontal position, farther north 
a very gentle southerly dip. Toward the west the area of the group 
is closed by the superposition of Green River beds. East and north 
the same strata spread widely. Following the trend of the outerop- 
ping voleanics we advance toward the railroad in a southeasterly line. 
After crossing a creek, which on some maps is designated as Sulphur 
Creek, we gradually rise to the highest elevations which the Wasatch 
attains in his region. Descending “from a north to south ridge we see 
before us the wide expanse of Red Desert. A perfectly level, valley of 
oval shape is surrounded on all sides by low bluffs. Toward the north 
the color of the soil is perfectly white, but farther south it turns to a 
brilliant red. Not adrop of water is found in that entire section of 
couniry. The red color of the desert-like depression is derived from the 
upper members of the Wasatch series. Northeast of Red Desert we 
find the extensive series of depressions which have been comprised 
under the name of Shoshone Basin. This appellation is given as a purely 
topographical one, without reference to the geognostic structure of 
the region. We find northward of Trail Lake a number of others within 
the area of the same group. In this vicinity the strata are very reg- 
ular in their arrangement. A very slight dip toward the basin, together 
with a general inclination southward, may be observed, however. North- 
west of’ Trail Lake, near the base of Station 21, the mars are again ex- 
posed. From a long distance, even, may they be recognized by their 
characteristic coloring. Typical mawvaises terres are carved out of the 
marls at this locality 

Northeast of Trail Lake the strata continue in regular succession, 
showing a bright red color near the upper portions of “the blutis. This 
is due to the ‘burning of coal beds. By this process the shales thus 
changed have been rendered legs liable to disintegration, so that the red 
color is essentially confined to a narrow, almost horizontal band. A num- 
ber of small lakes and several dry lake-beds were found here, still belong- 
ing to the depression of the Shoshone Basin. Near one of these a large 
number of mud springs were found, which shall be referred to again 
below. ‘So far as we could determine, the thickness of the upper por ‘tion 
of the Wasatch diminishes considerably as we approach the Sweetwater. 
Examining the most northerly outcrops of the group we find that it ends 
in a succession of small bluffs as we reach the metamorphic and Prozoie 
area. A little farther east, along the southern slope of the Sweetwater 
Hills, the junction is obscured by a@rift and accumulations of sand. 

This latter feature is one which was very extensively noticed 
throughout the Wasatch region. A broad belt of sand dunes stretches 
diagonally across the southern portion of our district, ending at Sandy 
Creek Pass. Traveling toward the eastern edge of the Wasatch expos- 
ure, we find every thing rendered indistinet by 1 masses of loose drift seat- 
tered over the valleys ‘and bluffs. West of Creston station we obtain a 
comparatively good view of the lower portions of the group. Here the 
sandstones are decidedly amplified as compared to those farther north, 
and the arenaceous shales and marls are well developed. Large masses 
of crystallized selenite are scattered over the bluffs and hiil-sides, com- 


ile oe a SF ere 
Vl» DESY NE: ZB 
Yy % Z LAPS 62E z 
UD a 79 VEZ ZB Z 


U.8.Geological Survey. Plote VI. 


Ee 
ZS Fe 
LES 
ZGSEA IN! 


Section 76. 


So Seed 


Pe Se 


| 
| 
| 
\ 
i 


> 
. 


expucn.} =» SOUTHERN AREA—-MUD SPRINGS. 129 


posed of the latter, producing a very brilliant effect of reflection in the 
sunlight. East of Creston we are once more fairly in the Laramie Group. 
Isolated beds of the former occupy some of the higher points east of the 
border of the Wasatch; but the upper members of the Laramie and the 
lower ones of the Wasatch are so very much alike that it is almost an 
impossibility to separate them. Within the region where we had oceca- 


sion to observe these two groups in contact, 1 noticed no evidence of 
any unconformability. Indeed, it was often only by the aid of the higher, 


colored beds that I was enabled to draw the dividing line. 


So far as could be determined, the Wasatch beds reach northward 


very nearly to the granites between Sweetwater and Whiskey Gaps. 
_ From there westward their limits are determined first by the Sweetwater 


Group and then by the Green River series. On the east side the termi- 
nation of the Wasatch is characterized by the appearance of the Laramie. 
Section X VI* illustrates the relative positions of the groups above dis- 


eussed. The older strata, which make their appearance farther south, 


are represented as taking part in the anticlinal upheaval (D), which 
terminates directly north ‘of Salt Wells. Colorado shales (¢ (e) are the old- 
est beds exposed on the surface. Dipping off in either direction we find 
tbe Fox Hills series (f). This is overlaid by Laramie (g). Both the 
upper (7) and the lower (0) horizons in which coal is found have been 
marked. 

Covering the Laramie, after a short area of out-crop to the west, a 
longer one to the east, we find the Wasatch Group (h). Eastward this 
forms a shallow synclinal basin. This, taken in connection with the 
general dip to the southward, produces the Shoshone Basin. Green 
River beds (@) overlie the Wasatch to the westward, but farther east are 
found only in scattered remnants along this line. Basaltic eruptions (/) 
have been represented. They occur quite frequently in the Wasatch. 
Two extensive drift-areas (1 and m) are found in the Shoshone Basin 
and on Packer’s Creek, the latter being west of the anticlinal. 

Some very interesting information may be obtained regarding the dis- 
tribution of these groups from the section of artesian wells bored along 
the Union Pacific Railroad.t The greatest depth reached by boring 
along this portion of the road is at Rock Springs, 1,154 feet. This pene- 
trates the entire Laramie Group and reaches down far into the Fox Hill 
series. From the data here obtained, the position of the Wasatch ap- 
pears to be constant, and the distribution of coal, in two horizons, to 
remain equally so. 

Mud springs. 


It has been mentioned above that near one of the lakes in the Sho- 
shone Basin a large number of mud springs were found. They have 
been partially described in the itinerary, On the eastern shore of Death 
Lake we observed mounds shaped like bee-hives, which generally con- 
tained a circular opening near the top filled with muddy water. They 
are located about 50 feet above the lake surface, but extend downward 
to the water’s edge. Within the region there is no flowing surface- water. 
We found that the mounds varied from a few inches in height to about 
15 feet. None were found containing water higher than 4 feet. They 
are circular or oval upon cross-section, and the opening containing the 
water adapts itself to the shape of the mound. A mound of 4 feet in 


*T may here state that none of the sections are prepared onscale, owing to the want 
of a reliable map.—E. 
oe U. S. Geol. Sury., vol. iii., No. 1, Dr. Hayden ‘‘On Artesian Borings,” &c., 
p. 181. 
9GS 
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hight will be about 6 feet in diameter at the base and 2 feet at the top. 

The water comes up to the top within about a quarter or an eighth of an 

ineh. It is cold and muddy, containing exceedingly fine silt and gelatin. | 
ous mud in suspension. Upon watching the suriace of the water an oe- 

casional rise of a bubble can be seen, which disturbs it. Then a small 

amount may flow over onto the upper rim of the cone containing it. 

The moisture here deposited soon evaporates, but the mud and silt re- 

main. In this manner the mounds are formed. If they attain a height 

of more than 4 or 5 feet, the upper opening begins to close, and finally 

nothing remains but an accumulation of mud. . 

This mud is entirely destitute of vegetation, and exceedingly loose 
when dry. An animal will sink in deeply while passing over it. Spring's 
were seen, containing a water-opening of only a few inches in diameter, 
but one was found which measured fully 30 yards. Varying from the 
others, the water was here not exposed upon the surface, but a film of | 
fine mud had formed over it. It was found that the consistency of the 
mud mixture was sufficiently great to sustain a crust of several inches 
in thickness. Any object weighing enough to break through the cover- 
ing could be thrown upon it and would immediately sink out of sight. 
We were not prepared to take soundings, but established the fact that 
many of the cylindrical tubes containing the mud-water were more than 
10 feet in vertical depth. At least for that distance an old lodge-pole 
which we happened to find could readily be introduced. Breaking open 
a small mound, which showed an aperture of about 3 inches in diameter, 
it was seen that the cylinder is lined with a coating of very fine blue 
mud, about half an inch in thickness. The question soon arose, was the 


water held in its position by hydrostatic pressure, or was an accumulation 
.of some kind of gas the cause of its rise in the tubes. A rifle-ball shot 


.down vertically into one of the openings produced a sudden eruption of the 


‘whole mass. Water and mud were thrown to a height of about 10 feet, 


ecvering the luckless experimenter from head to foot. From a safer. 


. distance the trial was several times repeated and almost always followed 


by the same result. After everything quieted, the water was found to 


_ stand from 2 inches to 8 inches lower in the tube than before. Crude as 


this test may be, it shows the presence of gas at some depth, held there 


-under mechanical pressure. Probably some chemical decomposition fur- 
_hishes the gas, which has given rise to the formation and perpetuation 
of these springs. We estimated their number at about 400, covering an 


area of about half a square mile. Innumerable bones of animals, who 


_here sought to quench their thirst, prove the treacherous character of 


the soil. Frequently the surface, which appears perfectly dry and solid, 
may be shaken by the foot for more than 20 feet. The entire place is 
undermined and filled with muddy water, so that it requires some care 
to get over it without mishap. None of the mud springs that have here- 
tofore been discovered seem to possess exactly the same character as 
these, nor are they so extensive. 


Green River Group. 


As indicated in Section XVI, the Green River beds follow directly 


-upon the Wasatch series. Packer’s Creek flows in a southerly direction 


into Bitter Creek, a short distance east of Rock Springs. West of it we 


- observe a high ridge composed of the light Green River shales. A gentle 
‘ dip to the westward is soon obliterated and the strata continues very. 


nearly horizontally. This slight inclination continues for a long distance 


.westward. Early erosion has removed large masses of the strata be- 
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longing to this group, and we therefore find the Wasatch exposed for ¢ 
munber of miles upstream. Eastward the Green River makes a sharp 
turn and passes north of Essex Mountain. It there shows a very small 
southwesterly dip; continuing northward we find the group thining out 
very decidedly. It extends up to Station 21, overlying Wasatch. This 
point may essentially be regarded as its northeastern termination. From 
there the northern line of outcrop runs ina direction south of west, and the 
eastern one about southeast. Remnants of Green River beds aye lett 
on the Wasatch at several places, showing that the group at one time 
covered a much more extensive area. 

In this section of our district the lower members of the group are com- 
posed of gray and bluish shales, more or less calcareous and arenaceous. 
Higher up we find yellow and light brown shales, mostly very sendy, 
but containing strata of impure, argillaceous limestones. Above these 
follow concretionary sandstones and shales, of yellow and rusty brown 
eoler. The former contain one very prominent horizon of siliceous ina- 
terial, appearing in the form of chalcedony and agate. Near the base a 
thin stratum of ocdlite was found. It shows the single grains of con- 
centric structure firmly cemented by quartz. Another similar bed was 
observed higher up in the shales, where the odlite was associated with 
large quantities of silicified wood. Wmmons has found* a similar oc- 
currence of odjite near the base of the Green River series at a locality 
south of Red Desert Station. It varies somewhat in character from that 
which we observed, being of a gray color and containing calcium car- 
bonate. The specimens we found are red, brown, and yellow, and siliei- 
fied throughout. It was observed about 28 miles west of nerth of Red 
Desert Station. The higher horizon was noticed on Station 21. It 
does not appear that the band extends for any considerable horizontal 
distance. Near the base of the series we find the characteristic deposits 
which have been designated as “paper shales.” It is probabiy not in- 
tended that this term should be synonymous with the German “ Papp- 
deckel-Schicfer” (pasteboard slates), but in point of fact the latter variety 
does here occur. They are composed of extremely thin, tough lamine, 
which exfoliate upon exposure. In this condition they closely resemble 
pasteboard which has been soaked in water. Both when compact and 
decomposed, they are more or less flexible. Mainly calcium carbonate, 
aluminium silicate, and minute grains of clear quartz compose them. 
Frequently they. are bituminous, sometimes sufficiently so to burn. As- 
sociated with these peculiar shales we found numerous banks of “ eone- 
in-cone” (Nagel-Kalk of Germans). Their horizon is about 350 teet above 
the base of the group. Together with them, and a little higher up, re- 
mains of fishes were observed. Unfortunately the shales were there 
(north of Mount Essex) so thoroughly decomposed and disintegrated 
that no good specimens could be obtained. 

It has been mentioned in previous pages that the Green River Group 
shows a general thinning out toward the north. Not only do the lower 
shales decrease in vertical dimensions, but the upper sandstones become 
very much thinner. West of Packer’s Creek we find the total thickness’ 
of the Green River series to be 1,700 to 1,800 feet. Of these the upper 
sandstones with their shales occupy about 800 to 900 feet, and the arena- 
ceous beds near the base about 150 to 200. This leaves an average thick- 
ness of 700 to 800 feet for the shales. Approaching the northern termi- 
nation of the group its total thickness amounts only to about 1,200 feet;’ 
100 to 150 feet of lower sandstones and arenaceous shales, 650 to 700 


*Geol. Expl. Forticth Par., vol. ii, 1877, p. 212. 
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feet of shales, and 350 to 400 feet for the upper sandstone series, At 
many places this latter has been totally removed by canetOay leaning 
nothing but the shales to occupy the highest points. 

Thr oughout the region the beds of “the Green River series show a 
characteristic style of weathering. Wherever the progress of erosion, 
either fluviatile or atmospheric, is very slow, there the outlines presented 
by members of this group are gently rounded. If the erosive agents 
are more active, steep, picturesque forms result. Tables and buttes, 
resembling those near Green River City in general structure, are found 
in the western portion of our district. From the lithological character 
of the strata we may infer that the lower series was deposited into deep, 
still water, while the upper essentially represents shore deposits. Very 
few fossils were obtained, and these only fragmentary, for the reason 
that the shales were too much decomposed and we could not spare any 
time for the purpose of excavating. It seems, too, that the localities 
farther west and southwest contained a much more extensive fauna than. 
the eastern ones. In Northern Colorado and other regions to the east- 
ward, the Green River Group is almost entirely destitute of palzeontolog- 
ical remains. 

Bridger Group. 


In 1870 Dr. Hayden found anumber of outcrops of the Bridger Group 
on the drainage of the Sandies. From his description it appears that 
they were superimposed upon the Green River series. Within our dis: 
trict a number of exposures were observed that have been referred to 
the Bridger. Forming the summit of Station 21 we found a series of 
light-colored clays and shales, partly calcareous. In these a few leaves 
occurred, numerous specimens of Lymnewa, and remains of turtles. The 
color of the beds containing them is either white, yellow, or very light 
pink. ‘Toward the west the “summits of Steamboat Buttes are composed 
of the same material. It was found that wherever the bluffs rose several 
hundred feet above the general upper level of the western portion of 
our district, the highest portions were found to be composed of Bridger 
strata. An enormous amount of erosion has taken place in this region, 
and has broken all continuity between the outcrops. Enough was seen, 
however, to let it appear certain that the entire area was “here at one 
time covered with a sheet of Bridger beds extending nearly to the base 
of the Wind River Mountains and reaching northeastward beyond Sta- 
tion 21. Both to the north and east the beds appear to thin out. The 
more northerly outcrops of both the Green River and Bridger Groups 
participate in the prevailing slight southerly dip, amounting fr om 1° to 
4°, Remains of turtles, probably Trionyx, were found at a number of 
localities where the Bridger was exposed, and below them Mr. Howes 
obtained a specimen apparently belonging to Crocodilus. Owing to the 
erosion of the entire region we find only the lower portions of the Bridger 
series. Asa maximum thickness which this attains in our distr ict y we 
may regard 500 feet. Toward the south and southwest it grows much 
thicker, after passing beyond the limits of the area we surveyed. 


Pliocene Ge: 


Within the narrow depression between the subsidiary Prozoic Range 
and the western base of the Wind River Mountains, we find a local de- 
posit which is probably of Pliocene age. The valley is of narrow ellip- 
tic shape, trending about northwest to southeast. It is filled with a 
loose white and yellow deposit of claysand marls. Some arenaceous beds 
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oecur near the base. Stratification is not very apparent in it. At some 
points, where the granites of the lower range form gaps, the white, chalk- 
like biniits extend southward for a short distance. So far as could be 
_ deterinined, they are unconformable with the Green Iiver series, which 
they join along the Little Sandy Creek. At some points the imperfectly 
defined strata of this Pliocene series show a dip of 2° and 3° to the 
- nertheast. About 5 miles east of the Little Sandy it ends, very near 
South Pass. It seems as if portions of it had formerly extended farther 
east and south, but had been removed by erosion. No fossils were found, 
_ but some specimens of a small Pupa. ‘At no place do we find a fav ora. 
_ bié section of the group, and an estimate of its thickness is theretore 
_ necessarily not very reliable. I regard it as about 300 feet. 


ger. Wyoming con glomerate. 


' Wherever we find Tertiary strata which have been but little disturbed 
by subsequent erosion, we observe extensive deposits of this loose, irreg- 
ular conglomerate. Along the southern slope of the Sweetwater Mount- 
ains it is very abundant, totally obscuring the junction lines of the 
different groups. On the summit of Station 21 it is found as a small 
remnant, about 12 feet in thickness, forming the very highest point. 
Indians had here built up a small “lookout” with the bowlders. Now 
this is disturbed, as our monument occupies its place. Upon the sum- 
mits of some of the higher Tertiary hills this conglomerate affords the 
only material for such purposes, as the strata weather into small frag- 
ments, leaving no bowlders of sufficient size. Table Hills and Steam- 
boat Buttes, a little farther west, are covered with the same material. 
At these places some of the metamorphic bowlders are so large that 
they may have been and probably were transported by ice. Within the 
Pliocene valley west of South Pass the same conglomerate oceurs in 
abundance. It is scattered to a greater or less extent all over the coun- 
try which has been subjected to extensive erosion. Having been removed 
from the regions where it was first deposited, it was dr opped i in the di- 
rection taken by the waters which so greatly moditied the surface of the 
country. Although our observations are somewhat imperfect on account 
of the erosion following the regular deposition of Tertiary groups, | am 
inclined to regard the maximum accumulation of this conglomerate as 
oveurring along the shores of the former Tertiary lakes. 


ERUPTIVES. 


- Mention has been made of the eruptives which form a series of hills 
and blufis north and northeast of Salt Wells. Mount Essex is the prin- 
cipal one of these. A high bluff is formed by volcanic material which 
has been ejected through the strata of the Wasatch Group. Sloping 
gently to the northward, we find th i.t the summit is essentially a pe 
plateau, containing one prominent, conical point. To the south and east 
the mountain presents vertical, rocky faces, which surmount a steep, fur: 
rowed slope. The rock is dark gray to black, more or less vesicular, and 
contains small crystals of augite and biotite. Immediately south of 
Essex Mountain is a table- topped hill, which on some maps is marked 

as “ Black Butte.” Here the lava has escaped through a fissure trend- 
“a about north 45° west, and has covered the Wasatch beds with about 

400 feet of black-rock. It is somewhat columnar, and presents a nearly 
vertical face on all sides. West of Essex Mountain, on the drainage of 
Packer’s Creek, is an isolated needle of basalt, known as Rock Point. 
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It is about 250 feet high, has a very narrow base, and forms a prominent 
teature in the landscape. Southeast of the mountain we observe a mun- 
ber of similar buttes, which approximately follow a course of east 45° 
south. Most of them are table-topped hills, from 600 to 900 feet in heigh 
showing volcanic caps of varying thicknesses. They may be estimatec 
at 200 to 700 feet. 

More interesting than the table-topped hills was one occurrence at 
Basalt Springs. There a ridge, trending south of east and composed of 
Wasatch beds, was covered with an extensive flow of basaltoid roek. 
On the summit of the ridge, three cone-shaped hills were noticed 
standing in its strike. One of these presented the aspect of a crater, 
while the other two resembled the highest point of Mount Essex. Along 
the northern slope of the ridge the volcanics were broken off abruptly, 
and tuinbled down the side in mo&t chaotic masses. Huge bowlders, 
weighing hundreds of tons, were piled on top of each other, and eom- 
posed the slope directly below the vertical face of the rock in situ. Tt 
was found that a process of undermining has caused a remoyal of 
Wasatch beds, and that the overlying lava had fallen down into the exea- 
vation thus produced. Near the wnbreken northern edge of the ridge 
the last fissure formed by this separation was observed. It extended in 
a nearly straight line for several hundred yards, was over 40 yards deep, 
and not more than 20 feet wide at the top, practically closed below. The 
movement of this huge mass was evidently arrested by the accumulated 
bowlders on the slope a little lower down. 

These buttes and hills furnish an indication of the extent of erosion 
which took place in this region. Through fissures having a strike paral- 
lel among themselves, the lava was ejected and poured over the level of 
the Wasatch, and, in part, Laramie strata. Probably the several areas 
of eruption were disconnected from the beginning. TF iuviatile erosion, 
shaping its course in accordance with the horizontal distribution of this 
hard rock, cut deep valleys along such places where it could successtully 
attack the beds. By undermining the volcanics a diminution of their 
area was achieved and they were forced to assume the peculiar forms 
that at present characterize them. Tendency to columnar structure, or 
the pronounced development thereof, greatly aided the formation of ver- 
tical faces in the lavas. After the masses had fallen, their removal and 
transportation were effected by the same agents that excavated the val- 
icys. In the case of the Basalt Springs ridge they were individually. 
too huge to be attacked, therefore retain their original position. 

Upon critical examination we find that the volcanics of these hills 
show highly interesting features. Some of them are gray and grayish- 
brown, showing a microcrystalline groundmass, with no visible segregated 
mineral but biotite; others are decidedly basaltic and contain olivine. 
During the progress of the Fortieth Parallel Survey this region was 
visited and the rocks subjected to microscopical examination. ‘The first- 
mentioned variety proves to be a leucitophyrite.* It appears that the 
groundmass is composed entirely of minute crystals of leucite. This 
occurrence is one of great interest, inasmuch as it forms the first one 
of this character on the North American continent. In Lurope, the 
leucite rocks have attained great celebrity on account of their unique 
character as well as on account of the beautiful crystals they contain. 

By the discoverers of the peculiar mineralogical constitution of these 
cruptives, the entire series of hills has been named “ Leucite Hills.” At 
Mount Essex I observed the most typical leucitophyrite. It scems to be 


*U.8. Geol. Surv. Fortieth Par., vol. vi, p. 260. 
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yery intimately associated with the basalts of the immediate surround- 

ings. An analysis of a specimen from this locality is appended, which 

shows a remarkable similarity of composition with some of the European 
—leucites.* . 
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POST-TERTIARY EROSION. 


' The extent and distribution of post-Tertiary erosion indicates, in a 
measure, the condition of the surface after the close of Tertiary sedimenta- 
tion. We find that south of the Wind River Mountains, enormous masses 
of beds have been removed in a southwesterly direction. This is in con- 
formity with the general dip of the strata, as here exhibited. Deep, 
wide valleys have been cut into the readily yielding material, and, indeed, 
the majority of the higher beds have been entirely removed. South of the 
Sweetwater Hills the drainage has carried away less material than farther 
west, owing, no doubt, to the comparatively short course of the ancient 
streams. While those flowing toward the Sweetwater found an opening 
to permit their passage for an unlimited distance, the southward drain 
age was arrested by the existence of a shallow basin. Pouring inio this 
the water was retained in a series of lakes. l'rom the western as well: 
as eastern rim of this depression the streams flowed into the Pacific and 
Atlantic Oceans respectively. . They cut away large portions of the strata 
leaving isolated remnants of younger groups superimposed upon the 
older ones. Within the Shoshone Basin the formerly existing streams 
have formed narrow valleys, bordered by steep btuffs, and showing ex- 
ceedingly gentle slopes. No doubt, a considerable number of squave 
miles were there at one time covered by bodies of standing water. The 
“flats” we find to-day are ample evidence thereof. [ast of the basin the 
drainage was essentially a north to south one, following the strike of the 
strata and receiving tributaries from the east along the slope of the 
anticlinal uplift. Although a very large quantity of material has here 
been carried away, the process of denudation was not so extensive as 
farther west. To the eastward of the anticlinal ridge mainly two great 
valleys, trending north and south, were produced by early erosion. One 
of them, certainly, and probably both contained lakes of large dimensions. 

We observe from this that the younger Tertiary Groups probably 
occupied a much greater area to the east than they do now. Westward 
the younger beds showed a more decided development and rose to higher 
absolute elevation. 

GLACIATION. 


In the vicinity of Table Hills and Steamboat Buttes we find deposits 
of erratic material that appears to have been transported by ice. Huge 
blocks of granite and schists occupy the summits and higher ridges, 
distributed in an irregular arrangement. Some of them have rolled 


*U. 8. Geol. Sury. Fortieth Par., vol. ii, p. 237. 
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down into the lower country and appear as lost strangers amid the 
recent Tertiary deposits. They extend for some distance eastward. Dr. 
Hayden says of them: “The immense quantities of granite bowlders, 
red and gray, * * * must have been swept down from the Wind 
River Mountains. Some of these granite masses are 10 to 15 feet in 
diameter; others are sunk so deep in the earth that they appear to be 
in place.” If they be regarded as glacial, I should consider them due 
to the effects of the extensive ice-field which left its ground moraines 
near Camp Stambaugh. It passed downward from the southern end of 
the range, and may have extended across the gults which now separate 
the erratic bowlders and the well-defined moraines. As the former ap- 
pear only sporadically, not following any definite horizontal arrangement, 
Ido not class them among moraines, but consider them as ‘scattered 
glacial drift.” Probably they were carried southward to a region where 
the glaciers had lost the greater portion of thcir terminal moraines, and 
found no material for the formation of others. Thus, then, do these 
rocks indicate the extreme sourthern limits which were reached by the 
moving ice-fields of the Wind River Range. 


LAKE DEPOSITS. 


From the structure of this southern area, and from the features ex- 
hibited by post-Tertiary erosion, we may expect to find a large quantity 
of lake-beds. In the Shoshone Basin the majority of them are located. 
We observe there a number of lakes which contain water throughout 
the entire year, although receiving supplies during only a few months. 
In almost every instance it was seen that, within ‘comparatively recent 
times, their horizontal extent was much oreater than itis now. Slight 
rises, separating perhaps a dry bed from : a lake, were then overflowed, 
and large bodies of water appeared on the surface where now we “find 
only smaller ones or none at all. On the surface the lake deposits ap- 
pear perfectly level or slightly concave accumulations of fine arenaceous 
mud containing strata of sand. In case any strata showing bright col 
ors were cut by the drainage which fed the former lakes, we find the 
fact indicated by layers of clay and sand exhibiting red, brow n, white, 
and yellow bands. White efflorescences of alkali cover ’ those deposits 
which contain water during a portion of the year. Sodium sulphate and 
sodium chloride compose the main bulk of this “alkali.” Generally the 
lake deposits occupy depressions of oval form and jut directly against 
the surrounding strata. Water entered these old lakes from several 
directions usually, the prevailing one usually being indicated by the 
longer dimensions of the deposits. 

In case no water has stood in the depressions for a long term of years, 
the efilorescences will have disappeared entirely, and nothing remains 
but the sterile waste exposing fine mud intermixed with some sand, An 
instance of this kind is presented by Red Desert. Tor centuries, per- . 
haps, no water has been standing on the old lake bottom. It is hard 
and firm, baked by the hot sun of many successive summers. Southeast 
of Mount Essex we noticed a number of such beds. South of the Sem- 
inole Hills two extensive valleys show deposits of the same nature. One 
of them, lying between the exposure of Colorado shales and the bluff 
formed by the Fox Hills series, is of considerable extent. The other one, 
to the westward, is smaller. 

Dependent, to a certain extent, upon the area of the deposits, is their 
thickness. From temporary creeks which have cut narrow gullies into 
the soft material, we find that it exeeeds 20 to 30 feet in many places. 
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On the map which will appear subsequent to this report the lake depos- 
its are indicated, and it will be seen that the southern area of our dis- 
trict was formerly much better supplied with water than it is to-day. So 
far as could be determined from the general level and from the litholog- 
i¢al character of the lake-beds, they were synchronously filled with water. 
The persistence of some of them as lakes to the present time appears 
to be due entirely to the composition of the deposits nnderlying. Dry 
beds were in close proximity to lakes of considerable size, and more than 
once were they observed to show a lower level than the latter. In such 
acase not untrequently a more or less complete saturation of the sub- 
soil could be noticed, which indicates that, first, it is in hydrological con- 
nection with that of the lake close by, and, secondly, that the dry bed 
is probably flooded during the wet season. The letter fact is pointed out, 
also, by the existence of alkaline deposits upon the surface. 


DRIFT. 


An abundant supply of drift covers the southern portion of our dis- 
trict. Wherever it is composed of metamorphic and old sedimentary 
material, we may regard it as redeposited Wyoming conglomerate. The 
sandstones and shales prevailing in this region disintegrate readily and 
form a species of finely comminuted drift which is spread over all the 
bluiis and valleys. Coarse drift, in large masses, is necessarily of rare - 
oecurrence. It is found, however, in the vicinity of all the older forma- 
tions. 

’ From the character of the strata which supply the material for the 
production of drift it is evident that a large quantity of it must partake 
of the character of soil. The composition of this soil is a good one for 
agricultural purposes, as will readily be seen if we consider the nature 
of the beds furnishing it. Want of water, however, precludes the pos- 
sibility of ever regarding this region as an agricultural one. Another 
portion of the drift is found in the form of sand, which forms extensive 
moving deposits. - 

SAND DUNES. 


In previous pages allusion has been made to the “sand belt” stretch- 
ing diagonally across the southern portion of our district. It may be 
stated as being 70 miles in length and from 5 to 10 miles in width. Be- 
ginning in the west, near Packer’s Creel, it follows a line north of east, 
which brings it to the southern base of Mount Essex; widening from 
there on, it reaches Trail Lake; passing on the south side of: the lake it 
extends to Death Lake; thence it passes over the anticlinal upheaval, 
disappearing near the summit, and continues from there to Sandy Creek 
Pass, at the eastern termination of the Seminole Hills. On the eastern 
side of Sweetwater and Whiskey Gaps we find similar dunes, although 
they are not so extensive. 

Composing these dunes we observe a fine white and light yellow sand. 
It is almost pure quartz, containing but slight admixtures of feldspar. 
From the disintegrating sandstones and arenaceous marls, which are so 
prevalent im this southern area, atmospheric precipitation causes a re- 
moval of the more easily transported particles. These are the cementing 
clays. In this manner the sand is left entirely free, scattered over the 
hills and bluffs and along the numerous slopes. Westerly winds exist 
in this region during the greater portion of the year, and are mostly very 
violent. By them the sand is picked up and carried along in a line indi- 
cating the greatest force of the wind. Wherever a gap occurs in a ridge 
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which breaks the force of the wind, there we find the greatest accumu- 

lations of sand. It is carried thither, but the wind is forced to take an 

upward course, and much of the sand must fall. Near the Sweetwater. 
and Whiskey Gaps, and at Sandy Creek Pass, the fine sand is blown up 

upon the hillsides for a distance of 500 to 600 feet. It is always found 

most abundantly on those hills which present a face to the southwest. 

The southern slopes are covered with a thin layer, but upon them we 

rarely find an accumulation of dunes. On account of the persistency 

of the wind the upper portions of this sand are very loosely deposited, 

and are constantly shifting. An animal in passing over it will sink in to 

the knees. No vegetation can take hold on the dunes. At a few places” 
depressions were found in which the sand had somewhat hardened, and 

sagebrush took advantage of these occurrences. 

From a distance the dunes resemble the waves of a “ chopaed ” sea. 
Sloping gently toward the west, each wave shows a steep incline on the 
opposite ‘side. ee Ripple-marks,” not distinguishable in their form from 
those produced by water, cover the western slope. In very windy weather 
a long-continued yellow cloud of dust may be seen along this ‘‘sand- 
belt.” It rises high into the air and deposits its sand in a line parallel 
with the direction of the wind. With but little motion of the atmos- 
phere the movement of the dunes could be favorably studied. Tolling 
upward along the western slope of an individual dune, the particles of 
sand steadily advance in parallel, successive rows. Keaching the cap 
of the wave, each row rolls down the eastern incline, there again to be 
picked up and marched farther eastward. 

An interesting occurrence to us was the fact that many of the lakes 
which were located in the immediate vicinity of this series of dunes con- 
tained water, while those removed some distance from it were dry. I 
explain this by assuming that the precipitated moisture, the quantity of 
which is small at best, can more readily soak into the sand and be re- 
tained for a long time, preserved from evaporation. In this;way small 
springs or underground water-courses can be formed, which will furnish 
the lakes near by with a greater absolute quantity of water than those 
receive which are dependent upon surface-drainage and direct precipita- 
tion. Whether such springs remain even only partially active during 
the entire summer is very doubtful. The quantity of water which is 
carried into the lakes during the wet season is so much in excess, how- 
ever, over that which others receive having the same drainage area that 
it is not reduced to the same extent. by evaporation. Another factor 
here enters into consideration, the capacity for saturation. While the 
inoisture Which appears during thesummer in the form of slight precipita- 
tions, such as dew and brief showers, is mostly lost very rapidly by 
evaporation, the peculiar physical conditions of the sand permit it to pen- 
etrate to some depth. In this manner the supply of the lake is not 
drawn upon by exhausted surrounding beds of the same level, and will 
be diminished more slowly in consequence. 

As a necessary consequence of the vicinity of these lakes to the sand 
area, we find considerable masses of quicksand along some of their shores: 
Near Sandy Creek Pass a considerable number of lakes, of varying sizes, 
oceur directly in the sand dunes. On account of the saturated condition 
in which the sands have here remained for a long period of time, they 
could not be*transported by the wind wherever the grains were thus 
bound together by moisture. In consequence some soil was formed there. 
Grassy vegetation soon took advantage of this, and we now find some 
very fine meadows bordering the lakes. Rising only a short distance 
above their level, however, we are in loose sand once more. 
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A determination of the thickness of these sand dunes is somewhat 
dificult. We may say that about 80 feet would prove to be an average. 


Some of them were found to be several hundred feet high, while others 


were not over 20 feet. The largest accumulations occur on the nerth- 
ern side of the “belt” and at such points where some immovable obstacle 
is presented to the general course followed by the wind. 


RESUME OF THE DEPRESSED SOUTHERN AREA. 


Among the formations found in this area, the most interesting one is 
that composed of the Tertiary groups. In preceding pages I have simply 
furnished a description of their geognostic features, omitting to make 
any allusion to their position in a classificatory system. Many diiierent 
views are held upon this subject, emanating principally from the fact 
that the various classifications have been advanced by stratigraphists 
and paleontologists following various special lines of inquiry. It is 
impossible, at the present time, to reconcile the different opinions, and 
all that can be done is to weigh the evidence for and against each one, 
eliminating those that are untenable, and thus arrive at satisfactory 
conclusions. The material now on hand ought to be suiliciently instrue- 
tive to enable some one to accomplish this desivabie end. Until this 
work is accomplished, each geologist who has made any examination of 
the younger formations of the West, wiil, essentially, have lis own pri- 
vate classification. In the subjoined pages I shall present the groups 
in such order as I have found them in the field, and shall assign to them 


positions in classification to which I believe them entitled. 


Six groups of Tertiary deposits are found in cur district—Wasatch, 
Green liver, Bridger, Sweetwater, Niobrara, and Wyoming conglomerate. 
Of these the Wasatch and Green River Groups are certainly conformable. 
With regard to the Green [iver and Bridger I cannot speak with cer- 
tainty, as the latter is too imperfectly re epresented i in our district. Direct 
connection was observed between the Wasatch and Sweetwater, and 
again between the Sweetwater and Niobrara. Both of these junctions 
proved to be unconformable. We may regard, therefore, the Sweetwater 
Group as of local character rather than belonging to a regular and typical 
succession of Tertiary groups. 

If we study these groups in connection with their vertebrate remains 
only, and compare them with occurrences of other countrics, they will 
all be considered older than if their fossil flora is taken as the standard 
of measurement and identity. Regarding the Cretaceous formation as 
closed by the ox Hills, and the Laramie Group as forming an inde- 
pendent transitional formation, we must necessarily begin the Tertiary 
with the Wasatch Group. This, then, forms either a part or the whole 
of the equivalent of Hocene of other countries. Within our district and 
elsewhere the Green River immediately follows upon the Wasatch. In 
its evolutional history, and in the class of its component strata, the 
Green River Group marks the advent of a new era. Fauna and flora, 
as compared to those of the Wasatch, are changed ; with them the beds 
in which they are contained. Unconformities between the two are not 
wanting, although none exist in our district. As the Wasatch essen- 
tially represents an epoch of definite type, totally differing from that of 
the Green Ltiver period, I do not feel inclined to regard the two as be- 
longing to the same division of the Tertiary formation, but place the 
Green River series at the base of the Miocene. 

_ As arule, the Bridger is directly superimposed upon the Green River. 
Its relative position is fully established, therefore, and it enters the reg- 
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ular succession without difficulty. A more intricate question is pre- 
sented in the position occupied by the Sweetwater Group. By Dr. 
Hayden it is considered as being of the same age as the Wind River 
Group. This latter he places under the White River series, which is, 
according to him, probably synchronous with the Bridger. He places, 
therefore, the Sweetwater Group between Green River and Bridger. 
Comstock finds its resemblance greater to Bridger than to Green River, © 
and King places the White River above the Bridger. But little appli- 
cable information could be obtained from the stratigraphical relations — 
of these groups within our district. Reviewing their evidence so far as 
-it pertains to this point, we find a few facts which may tend to threw 
some light upon the subject. Station 21 is located upon Bridger, over- 
lying Green River. Had the hills composed of Sweetwater beds existed 
at the time the Bridger was deposited, we would expect. to find, from 
the configuration of the country, Bridger superimposed upon Sweet- 
water, or evidence of its having been removed. Neither was observed. 
The Sweetwater Hills most closely approaching the Bridger show no 
evidence of having been extensively denuded at that locality. The sys- 
tem of drainage by which the Bridger beds of that immediate region 
were cut, is the one which must have existed prior to the deposition of 
the Sweetwater Group. For,/these reasons I place the latter as chro- 
nologically succeeding the Bridger. Younger Tertiary beds, which are 
found in the Sweetwater Valley, Dr. Hayden has shown to be identical 
with the Pliocene deposits of the Niobrara River. To the same group. 
I count the local Pliocene strata west of South Pass. As the youngest 
Tertiary Group, we have the Wyoming conglomerates. Although this 
enumeration of groups comprises but a portion of those forming the 
entire Tertiary formation of the West, we may regard their relative 
position as established. Difference of opinion prevails, however, as to 
the places they should occupy in systematic classification. 

The following table will furnish a synopsis of the formations younger 
than Cretaceous observed in the Sweetwater district: 


Formation. Division. Group. 


Witte Pesos coucdonascedss Sand-dunes, soil, loose drift, and gravel. 
| Quaternary ..........- 


TOWEL secscnsecacceceee Lake beds, glacial deposits, and old river-drift. 


Wyoming conglomerates. 


Niobrara Group. 
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Sweetwater Group. 
Miocene .....-.....06. Bridger Group. 
Green River Group. 


HOcene je225 5. sej-acjocse Wasatch Group. 


Post-cretaceous......--.| Laramie ................ 


ACretaceous....se-.-<00-5| UDDOL c~sees-- 400 sem s- 
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Besides the Tertiary groups, the sand-dunes of this area furnished a 
subject of great interest. We had an excellent opportunity of studying 
them and obtained some instructive data. Their behavior with refer- 

ence to bodies of standing water is singular, and yet natural when 

understood. More striking than the cecurrence of the dunes is that of 

_ the mud-springs. But few localities are known where they exist, and 

neyer, to my knowledge, have they been found to exhibit the same type 

as within our district. 


CHAPTER V. 


ECONOMIC GEOLOGY OF THE SWEETWATER DISTRICT. 
GOLD. 


In Chapter I the auriicrous schists of the Sweetwater region have 
been spoken of. It will be remembered that they were regarded as the 
oldest metamorphic series of the region. In 1867 the first ore-bearing 
lodes were discovered in the vicinity of South Pass and nerth of Camp 
Stambaugh. The former was called the Shoshene, the latter the Miner’s 
Delight district. For a number of years lode-mining and gulch-mining 
were carried on with varying success. Partly the discovery of other 
regions promising greater remuneration, partly the speculative tendency 
which had taken possession of the Sweetwater mining operations, caused 
an abandonment of the greater portion cf the mines. During the time that 
T visited the districts (July and August), but very little work was carried 
on and few of the mines only could be examined. At Miner’s Delight a new 
impulse seemed to have been given to mining operations, and some work 
was just being taken in hand at the time. Information as to the former 
condition and production of these mines may be obtained irom the re- 
ports of R. W. Raymond, United States Mining Commissioner. 


AURIFEROUS VEINS. 


South Pass City—This town is located in a narrow gulch on Willow 
Creek. During the first flush of mining excitement it attamed quite a 
considerable size, but since that time many of the stores and dwellings 
have been abandoned. The veins were discovered on the surrounding 
hilis and determined the site of the settlement. 


Cariso Mine. 


The Cariso vein was discovered in 1867. It is situated on a hill 
directly northeast of the town, on the south side of the stage-road. » 
Three main shafts have been sunk on the vein, the Cariso, Marshal or 
East End, and West End shafts. In the West lind some stoping has 
been done. <A drift connects the Marshal with a smaller shaft still far- 
ther east. The main shaft has been sunk to a depth of a little over 200 
feet, the Marshal to about 90 feet, and the West End to 60 feet. Build- 
ines above ground are still in good condition, as is the machinery. 
Within the mine some timbering has been done to prevent “ scales” from 
coming down. At the time of my visit the mine was lying idle. Itis 
owned at present by Mr. B. Roberts and superintended by Mr. H. Ridell. 
I understood that work was to be resumed shortly, upon the arrival of 
some new machinery. 

Having a strike of about north 43° east, the vein is inclosed between 
beds of gneissoid schists. A dip of about 75 degrees (from the horizon- 
tal) is noticeable in the vein. Both strike and dip conform entirely with 

142 


ENDLICH.] ECONOMIC GEOLOGY—GOLD. 143 


those of the schists. At that Iccality the latter show the usual varia- 
tions with certain zones; e. g., substitution of hornblende or chlorite for 
mica. The width of the vein varies from 2 to 5 feet, as a rule growing 
wider with increasing depth. Granular quartz composes the gangue- 
rock. Near the surface this quartz is stained red and brown from the 
decomposition of pyrite. In certain portions of the mine it is very much 
shattered and may be easily worked out. Gold occurs free within the 
“surface-ores” to a depth cf about 80 feet. Itis primarily contained in the 
pyrite, but upon decomposition Me the latter appears native. It occurs 
partly as fine gold, partly coarse, and is found either directly imbedded 
in the quartz or contained i in sian cavities. Below the depth of 80 fect 
the pyrite is fresh. During 1870 the average yield of ore per ton is said 
to have been $75, sometimes running much higher, however. 

The cre from the Cariso was crashed in a five- -stamp mill, located on 
Willow Creck, about a mile below South Pass City. 


Young America. 


A few hundred feet east of the Cariso the Young America is located. 
‘It retains the same strike and dip as the fcrmer, and appears to be a 
continuxtion of the same vein. <A shaft 128 feet in "depth has been sunk, 
and some work was formerly done there. At the time of my visit no 
work had been done for some time, and the mine was inaceessible. Judg- 
ing from the ore on the dumps, the gangue-rock consists of quartz very 
much splintered. Decomposed pyrite preduces a red and brown color 
init. I was informed that the ore carried a considerable quantity of sil- 

ver, and paid about $25 per ton. 


Wild Irishman. 


This vein is located a short distance west of the Cariso. It trends in 
- the same direction, and is conformable to the structure cf the schists. 
At present it is abandoned. lt appears that toward the west the vein 
splits, admitting a horse composed of gneissic and syenitic schist. I 
could not fully determine whether the Wild Irishman is a continuation 
of the Cariso, owing to the fact that the surface is obscured and the 
workings not accessible. 
Some of the lodes in this vicinity, not worked, however, are the Wash- 
ington, Grecian Bend, Flora, Duncan, and others. 


Atlantic City is situated on the stage-road from South Pass to Camp 
Stambaugh. Originally of not as much importance as the former, it 
has lost less by the decline of mining operations. 


Buckeye Mine. 


This mine is located about a mile to the northwest of the town. It 
was discovered February 18, 1867, by “Judge” Lawn. The present 
owners are Messrs. Lawn, MeBurk, "and Dawkins. The mine is located 
on the north side of a steep gulch, near the suminit of-a narrow ridge. 
A partial caving in of the lower drift, and water in the shaft, made it 
impossible to visit all the workings. Syenitic schist is the countr y-rock 
striking nearly east and west at “this locality. The schists are thinly 
bedded, sometimes contain mica, and then are laminated. Curves and 
ramifications are shown in the vein. Its strike is north 30° east, nearly 
at right angles to that of the schists. So far as could be determined, the 
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general dip is about 78° to the southeast, varying somewhat, however, 
A well-timbered shaft has been sunk through the unpreductive rock, 
which struck the vein at a depth of 70 feet. “From that point it follows 
the latter on the incline for 145 feet. A tunnel, driven from the south- 
east, also strikes the vein and connects with the shaft. Some stoping 
has been done here. Near the shaft a wide quarry was laid in the vein, 
and large masses of ore taken out. At this point the Buckeye receives 
a branch vein. Secondary quartz veins traverse the lode in various di- 
rections. It may be observed that the course of the latter is parallel to 
the main system of joints in the schists. On the hanging wall a well- 
defined ne selvage separates the ore from the country rock, This is 
less defined on the foot-wall. Both walls are firm. At several places 
lateral spurs leave the vein, running parallel with a second system of 
joints. 

The gangue is composed of gray and white quartz, - more or less dis- 
colored. by the decomposition of pyrite. ‘Throughout this gangue we. 
find disseminated minute crystals of pyrite and fine g gold. Decomposi- 
tion of the former has freed the latter. At the depth reached by the 
workings up to the present time, no fresh ore has been obtained as yet, 
all of it being surface-ore., An extensive series of fissures occurs in the 

gangue, rendering it eas sy to work. During the past ten years much 
Y sold has been taken out of this mine, and the owners expected to start 
work again within a short time. A width of 4 to 14 feet shown by the 
vein euarantees to them an almost unlimited supply of ore. 


Souls and ar bing Mine. 


Opposite the Buckeye, on the south side of the gulch, the Souls ait 
Perkins lode is located. It has approximately the same course, striking 
about north &° east. Bearing the same relations to the surrounding 
schists as the Buckeye, its slight deviation is accounted for by the fact 
that the course of the schists undergoes some change. I regard the 
two locations as made upon one vein, although the connection is appar- 
ently broken. The Souls and Perkins is worked by means of a shaft 
which has been sunk to a depth of about 100 feet on the foot-wall, fol- 
lowing the dip of the vein. Mineralogically the ore is the same as ‘that 
ef the Buekeye , but Ihave no data whereupon to base a comparison of 
their respective values. 

Caribou Mine. 


This mine is located on the northern extension of the Buckeye, about 
quarter of a mile distant. In dip and strike, the two are contormable, 
as woll as in the general character of their ore. <A shaft of.a little over 
100 feet in depth has been sunk on the vien, inclining with the dip. 
No work was being done on either of these two mines during the time 
of iy visit, but the owners were anticipating “ better times.” 

. Miner’s Deli ght.—This settlement is located about 2 miles north of 
Camp Stambaugh, and was started at the time of the great mining ex- 
citement during 1867. Comparatively little vein-mining is carried on 
here at present, as heretofore the gulches have yielded a good deal of 
gold. The Miner's Delight Mine is the only one worked at the present 
tim’. The entire claim is separated into three divisions, which hs 
received special names. 

Young America. 


This mine forms the eastern extension of the vein. The strike of the 
entire vein is north 43° east, with a dip of about 80° to the southeast. 
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Gneissic schists compose the country rock. It is distinctly bedded, and 
its strata are cut at an acute angle, amounting to about 26° near the vein. 
A shaft 105 feet in depth has been sunk on the vein. At a depth of 60 
feet a drift has been cut toward the west. The width of the vein varies 
from 1 foot to 4 feet. This is due to undulations in the hanging wall. 

Yellow and white quartz composes the gangue, containing free gold 
either in seales or as “fine gold.” A mill with 20 stamps crushes the 
ore obtained from this portion of the vein. It is said to run about $15 
to $20 per ton; but richer ore is expected in some new openings. 


Miner’s Delight. 


The middle portion of the vein has received this name. In its position 
and associations it conforms to the Young America. <A shaft 145 feet in 
depth has been sunk, and some interior developments have been made. 
At the time of my visit, buildings and machinery upon the surface had 
been completed, and it was stated that work would soon be actively 
resumed. 
Western Extension. 


This is the third portion of the entire vein. It is not worked at pres- 
ent. Upon the vein a shaft has been sunk 100 feet in depth. <A 20- 
stamp mill located on the premises formerly crushed the ore, but now 
lies idle. The character of the vein and ore remains constant throughout 
the entire length, 1,600 feet. Occasionally pockets are found that pay 
very well. To the depths which have at present been reached, the ore is 
all more or Jess decomposed, yielding but little fresh pyrite. Some silver 
enters the bullion, as I was informed. This, too, must be contained in 
pyrite, as no specific argentiferous mineral is found in the vein. While 
working from the surface, which was a cheap process, large quantities 
of gold were taken from this lode. . 

Reviewing briefly the character of the Sweetwater gold-mines, we find 
that there are both true fissure veins and veins which form an integral 
portion of the prevailing schists. The great age of the latter and their 
physical structure has been the cause of extensive decomposition of the 
ore downward. Water entering through joints and fissures, together 
with atmospheric air, have produced a conversion of the pyrite into 
limonite, thus freeing the gold. From experience obtained throughout 
this class of veins, we may say that the immediate surface-ores are 
richer, as a rule, than those found at greater depths. So far as the 
work in the various mines of this region extends, however, it appears 
that even at considerable depths the ore contains a sufficiently high per- 
centage of gold to make it remunerative if worked judiciously. I can 
See no reason why, under proper management, and with an applica- 
tion of experience gained elsewhere, many of these mines should not 
prove to pay upon working. We may assume that the decomposed ores 
extend to a depth of at least 150 feet. Their extraction and the process 
of obtaining the gold out of them is both cheap and simple. In case the 
ore should prove refractory lower down, methods are at hand to over- 
come the difficulty. By crushing, concentrating, and amalgamating the 
surface ores, good results ought to be obtained. Eventually roasting, or, 
if the character of the ore should change, smelting may be employed in 
the process of gaining the precious metal. Jor a number of years the 
mines which may now be regarded as most promising can be worked 
without much expense, as the location and class of ore at present elimin- 
ate nearly altogether the item of transportation. 
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It seems as if a new start were just now to be made, and it is to be 
hoped that careful management and proper treatment of the ores will 
demonstrate the fact that these metalliferous veins are entitled to some 
consideration. 

Seminole Hills —Near Sandy Creek, on the eastern slope of the Semi- 
nole Hills, gold mining was carried on for a short time several years ago. 
All the mines are now abandoned and could not be examined. The 
veins, upon which some work was expended, are quartzose, and run 
through the metamorphic granites of this region. From the ore found 
on some old dumps it was seen that it consisted of pyrite and chalco- 
pyrite intimately associated with quartz. A stamp-mill and a num- 
ber of other buildings have been erected on Sandy Creek, but are now 
left to decay. So far as we could learn, the ore when first struck was 
quite rich and promised excellent results. A company was formed to 
work and mill the product of the mines, but after a brief experiment it 
was found that the rich ore had merely formed a “ pocket,” and that its 
continuation did not pay. The mines were therefore abandoned, and no 
work has been done there for a number of years. 


_- GULCH-MINING. 
Near South Pass City. 


Gulch-mining is carried on with varying success in the vicinity of the 
Sweetwater. Harly during the summer season a considerable number 
of streams that later are dry contain a good supply of water. During 
that time it is utilized for the purposes of washing out the gravel and 
“dirt.” Near South Pass City some washing is done on several small 
ereeks. At the time I was there a good “prospect” had been struck on 
Willow Creek, within the limits of the town. In Cariso gulch sluicing 
and washing has been carried on for a number of years. The creek 
‘there is dry during several months, and water is supplied by a ditch, 
two miles in length, which connects with Willow Creek. It is stated 
that the miners obtained from $3 to $5 of gold per day. In Hermit 
gulch, and several others, gold is washed to a small extent. The trouble 
that miners have to contend with in this region is the want of water. 
As a rule, they can work only one or two months during the year in the 
majority of the gulches. 


Near Atlantic City. 


In the Buckeye gulch a large amount of work has been done during 
the past year. Two small dams have been constructed to regulate, if 
possible, the supply of water. Several small deposits were being washed 
during July, but the water was beginning to get low. The gold is 
found, generally, in very minute flakes, and unless precautions are taken 
will float off on the water. Coarse gold is comparatively rare. 


Near Camp Stambaugh. 


In the vicinity of Camp Stambaugh I saw more work going on than 
at any other point. On Rock Creek extensive preparations were being 
made to wash the gravel by hydraulic power. Ditches to lead the water 
to convenient points, and others to carry it off, had been constructed. 
Gulch-mining has been carried on there for a number of years on a small 
scale, but the miners proposed to obtain larger profits in the future than 
heretofore. A good water supply promises the carrying on of work 
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during several months. In Strawberry Gulch several miners were en- 
gaged in washing “dirt.” Having found better pay about two miles 

‘distant, where there was no water, however, the gravel was carried over 
to the Strawberry and there washed. The miners appear to be satisfied 
with the results obtained. French Gulch, in the immediate vicinity of 
the post, has been worked for several years. A hose 600 feet in length 
and 6 inches in diameter tapped the creek, giving it a head ef about 35 
feet. The nozzle was an inch and a half in diameter. With this ap- 
pliance the washing-down of gravel banks was rapidly accomplished. 
Gold was caught ina long sluice-box. Here the gold was somewhat 
coarser than is usually the case. On several other small streams near 
the post, gold was washed, but the water supply soon gave out. Most 
ot the gravel will furnish “colors” upon panning, but it requires careful 
manipulation to save the metal. 


Near Miner’s Delight. 


In the neighborhood of this town a large number of gulches have 
been and are worked. Prominent among them is Spring Gulch. The 
gravel is rather coarse, loosely cemented, and contains an appreciable 
quantity of coarse gold. It is stated that miners here wash out $6 to 
$7 perday. All the work is carried on, on a comparatively small scale. 
Other placiers that have been worked in this vicinity are Meadovo, 
Promise, Irish, and Beaver Gulches. Horace Gulch is considered as one 
of great promise. TZirin Gulch is supplied with water by a ditch several 
miles in length, and is said to yield good results. 

From the observations which I made while examining this region, I 
am persuaded that a large amount of gold exists in the various deposits 
of drift and “dirt.” It seems, however, that the washing of small quan- 
tities, with an insufficient supply of water, prevents the gulches from 
proving generally remunerative. Were it possible to obtain an adequate 
water-supply, and to carry on the work on a large scale during the en- 
tire length of the open season, I have no doubt that placier-mining would 
here be a paying operation. The gold which we find so widely distributed 
has been carried downward from the more elevated regions. It has col- 
lected in all such places where we would naturally expect to find either 
fluviatile or local glacial drift. So far as can be determined, the origi- 
nal places of deposition of the metal are to be looked for in the outcrops 
of auriferous veins. Decomposition has set the gold free there, and ero- 
sive ageuts have removed it to such localities where it could most con- 
veniently accumulate. 

SILVER. 


Argentiferous veins have been reported as oceurring on the western 
slope of the Wind River Range. So far as I am able to determine, this 
report is not founded wpon facts. We observed, while surveying that 
region, a number of veins of varying size containing specular hematite. 
It closely resembles some of the silver-bearing minerals, and its occur- 
rence has probably given rise to the current rumors. Upon examina- 
tion of several specimens, either no silver or merely a trace of it was 
found. From the features that we have noted in connection with the 
archean as well as metamorphic area of the entire region, we are justi- 
fied in concluding that no prominent systems of metalliferous veins will 
be found anywhere except in the old schists where they have already 
been discovered. The term “metalliferous” is here used with special 
reference to gold and silver. Wherever lodes have been found they obey 
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certain rules, within restricted areas. What we have learned with 
regard to the character, association, and distribution of the lodes of the 
Shoshone and Miner’s Delight districts entitles us to the opinion above 
expressed. 

IRON. 


The most important deposit of iron within our district is found near 
Rawlings Springs. About two miles north of the town is located what 
is known as the Red Paint Mine. This is an open quarry in an extensive 
deposit of red hematite. Its commercial value, either as paint, flux, or 
ore, renders it of importance. Along the line of the Union Pacific Rail- 
road a number of such deposits have been found, and they are utilized 
for the purposes above mentioned. The hematite at Rawlins is con- 
tained in a Paleozoic series. Itisremarkably pure and free from quartz. 

In the main chain of the Wind River Mountains a number of veins 
were observed in the granite containing specular hematite. Usually this 
is associated with chlorite and some hornblende. From the thickness of 
a knitting-needle the seams containing this mineral widen out to veins 
of several feet. Interesting as these occurrences are, the demand for 
iron will never be sufficiently great to give them any value. 

A few miles south of Atlantic City a vein of siderite is located. Itis 
known as Heyroth’s lode. Traversing the schists, this lode maintains a 
width of from 2 to 4 feet. The siderite is changed into lmonite near — 
the surface, but lower down is not decomposed. It contains an admix- 
ture of clay, which renders it somewhat impure. 

At several localities within the Cretaceous and younger groups, small 
deposits of limonite were seen. They are parallel to the stratification, 
and will scarcely ever prove to be of any value. ‘ Kidney-ore” was 
found in the Post-cretaceous series, associated with coal. 


GRAPHITE. 


Near Miner’s Delight a vein containing graphite is said to be located. 
Without obtaining a guide, I endeavored to find it, but failed. Not hay- 
ing been able to see any of the specimens said to occur in this vein, I 
am unable to give any opinion upon it. Persons who have seen them 
assure me that it ““writes as well as a lead-pencil.”” This may or may 
not be regarded as a crucial test. So far as I could understand, the 
supposed vein is found in the metamorphic rocks of that region. 


COAL. 


A large portion of the area surveyed shows the Lignitic formation of 
the West. At a number of places along the Union Pacific Railroad, 
openings have been made from which coal was obtained. Near Raw- 
lings Springs is one mine which is worked during a portion of the year 
at least. Farther west there are others which now are abandoned. The 
extensive veins near Point of Rocks, Evanston, and other places, supply 
the demand, and no chance remains for individual enterprise along the 
line of the road. Numerous outcrops were observed, some of them indi- 
cating veins of considerable size. North of the Sweetwater Hills I saw 
no workable beds, although it is claimed that some have been discovered. 
The coal found within our district is of that variety which is generally 
termed “lignite.” It is of good quality for ordinary purposes, and is 
extensively used west of the Missouri River. Certain banks contain 
less ash than others, and again beds may be found that will form a hard, 
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eompact coke. These are preferred for smelting and other processes. 
In my report on the coal region of Evanston I shall have occasion to 
enter into the details of composition and economic utility of these coals 
more fully than could here be done. 


LIMESTONE. 


On the eastern slope of the Wind River Mountains, in the Sweetwater 
and Seminole Hills and near Rawlings, limestones are abundant. <At 
the first-named locality the admixture of silica generally renders them 
impure, but some strata can be found that are comparatively free from 
it. Within easy reach of the settlements, these beds may at some future 
time prove serviceable. Excepting the silica, they are sufficiently pure 
and almost quite free from alumina. Within the same regions some beds 
may be found that could be utilized as marble. They occur near the 
base of the Carboniferous series. In the Sweetwater and Seminole Hills 
the limestones show essentially the same characteristics, but contain, 
perhaps, less silica. On the eastern slope of Rawlings Peak strata com- 
posed of this material occupy a very prominent position. J am informed 
that some lime is burned in that vicinity, and that the quality obtained 
is good. Along the western slope of the range and south of the Sweet- 
water Ilills limestones occur, but they are very impure, approaching 
more closely in character calcareous shales. 


GYPSUM. 


This mineral occurs most abundantly in the lower portion of the Tri- 
assic beds. Below the junction of Twin Créek and the Little Popo-Agie 
I noticed the most exteusive exposures. Beds were there found reaching 
a thickness of several feet. Generally this gypsum is light red, gray, or 
yellow, but white strata can be found. It is crystalline rather than com- 
pact, resembling alabaster in texture. Some of the beds would furnish 
excellent material for purposes of carved ornamentation. IT ibrous gyp- 
sum (satin-spar) is found together with the other, occurring in narrow 
Seams and veins cutting across the strata. As gypsum is essentially a 
local deposit, the thickness of the beds varies considerably at different 
localities. Near the Popo-Agie settlements, however, there is an ample 
supply for all purposes. Throughout the formations composed in a 
great measure of shales we find crystals of selenite. Mostly they are 
quite small, but they occur in tablets of several inches in thickness and 
a foot in diameter. Among all others, the Wasatch Group may be re- 
garded as the one most highly favored in this respect. 


CEMENT. 


Many of the shales and marls which occur in the Cretaceous and Ter- 
tiary Groups would answer very well for the manufacture of ordinary 
and hydraulic cement. Within the Sweetwater Group there are some 
strata that could be used for these purposes with but slight preparation. 
Many of the marls are arenaceous, but if such were selected that are 
comparatively free from sand they could be utilized. It is not probable 
that ever any very great demand for cements will arise in that section 
of country, and the expenses of transportation would most likely prove 
to be too heavy to realize profits by shipment. It is well, however, to 
know that the materials are at hand to render the inhabitants independ- 
ent in the matter of cements, which often may become an important 
question. 
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As arule, the accumulations of clay are too sandy to be used for other 
purposes than that of manufacturing adobe or brick. In some of the | 
dry alkali flats clay may be found, however, which would answer very 
well for the preparation of stone-ware and pottery. If too great an ad- 
mixture of alkali be found with the clay, this can readily be removed by 
a process of washing. 

ALKALI. 


Under this very general term we comprise a Series of products, all of 
which represent a certain commercial value. ‘Alkaline” deposits are 
found very frequently within our district. They occur in great profusion 
throughout the low country south of the Sweetwater Hills. Along the 
Sweetwater River and in the low country northward they are met with. 
No thick deposits of such substances were found, but it is probable that 
- they occur in certain regions at some inconsiderable depth. 

From the annual report of 1870 I extract a number of analyses of 
alkaline efflorescences collected within our district and examined by A. 
S. Ford.* 


1. From alkaline lake two miles east of Rock Independence: 


Per cent. 

Sulphate of; soda. (Na,O\SiO3) a2. acts a stocenle ee eee Peelers Eee eee ees 73.17 
Chioridetor sodium (Nail). ong) os < ae see stew tie Sen ee eee ee ee 3. 85 
Carbonatelof Soda (by/l0ss)s 0-2. sa2e sseee eee ease see e res eee 22.98 
100. 00 


2. Alkaline efflorescence seven"miles west of Saint Mary’s Station, in Sweetwater 
Valley: 


Per cent. 
Sulphate of sodan( Na O.Si0s) 252 o- -ssecee eee rea ieeles ae ec ce oe ee 88. 93 
Chioride’ot sodium (NaCl) So. 2s? force eee eee eee ens ace ene ee eee 11. 63 
100. 56 
3. From deposit near Pacific Springs: 
Per cent. 
Sulphate:o£ jsodaj(NaiOlSO;)). ss-sex oases secteete ee eies cod cae eee eee 82. 23 
Chioridejot sodium (NaCl) oso sarcc cee -yerce me eae ee ocisosiee ees in ee oer eee 3.95 
Carbonate of ‘soda (by loss). o2 6 S2..5- asciemccee oecticc cate c ee ee eee eee 14. 82 
i 100. 00 
4, From deposit of alkaline pond near Big Sandy River: 
A (a). From upper part of bank where deposition commenced : 
Per cent. 
Sulphate of soda (NaOS O3).----. .. 222 wen ewe wee ee woe wee IEE SLE 64. 65 
Omloridetot sodium) Gail) Sse scesc eee eee see eee eee serene - 35.46 
100. 11 
4(b). From half-way between upper and lower limit of deposit: 
Per cent. 
Sulpharewtsoda (Na'O'S'O3) s220u. eee eee ee es Se be ee 94, 92 
Chioriderot7sodinmi (Na Cl) aes Soe een Sed seoe oe eae ee eee eee ere see cee 5. 23 
100. 15 
4 (c). From lowest part ef pond: 
: Per cent. 
Sulphatetotisoday@aiO' SiO) Ae vac. Vee ek. As bee ee oe eae 100. 00 


According to Mr. Ford’s statement, this last deposit occurred in the 
form of slender orthorhombic prisms. Potassium was not found in com- 
bination with any of the acids or with chlorine in these deposits. 


“The analyses are directly copied, giving the old formula.—k. _ 


_ ENDLICH.] ECONOMIC GEOLOGY—PETROLEUM. 151 


From these analyses it appears that we have in solution mainly two 
minerals: Halite (salt) and Thenandite (sodium sulphate). A third one 
is the Trona. Dr. Heizmann mentions, in addition to these, lime and 
magnesia. 

The predominance of sodium sulphate is an interesting feature, and 
has a direct bearing upon the genesis of these compounds. We are 
aware of the fact that many of the shales and marls from which the 
alkaliis derived contain minute crystals or small seams of pyrite. Upon 
the decomposition of both shales or marls and the pyrite, the liberated 
sulphur of the latter combines as sulphuric acid with the soda, or, in 
some instances, magnesia, which has been set free from the shales. 
Thus the substance which is found in the greatest quantities is formed. 
Although magnesium sulphate appears to occur but sparingly in the 
region through which we traveled, it has been found elsewhere in large 
deposits, which occupy positions analogous to those in which we observe 
our * alkali flats.” 


PETROLEUM. 


Two localities were visited in our district where springs of petroleum 
occur. One spring is located on the Little Popo-Agie. Itis quite exten- 
sive, and in the course of years has emitted a large quantity of oil. The 
other one is situated near Camp Brown, and issues together with water. 
No means were at hand either to test the oil on the spot or to carry it 
with us. Therefore the only examination that could be made consisted 
in the simple trial of burning it. Taking some of the hardened mate- 
rial, we found that it burned with a bright flame, and that nearly all of 
it was consumed. I am not prepared to say that the composition of 
this oil is identical with that occurring in Pennsylvania, for instance, but 
I am of the opinion that by distillation a product might be obtained 
which would answer for the purposes of illumination. In the course of 
time these springs may prove to be valuable, as their location renders 
them accessible to that portion of our district which offers the most 
varied and the greatest inducements to settlers. 
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CONCLUSION. 


Several features of great interest were observed in the Sweetwater 
district. Prominent among these is that pertaining to the elevation of 
mountain ranges and to great stratigraphical disturbances generally. 

tepresented by the Wind River Mountains we have a portion of the 
main Rocky Mountain system. The structure of this range is essentially 
simple. Itis the direct product of an unequal anticlinal fold. Studying 
the position where it is located, we observe some important facts. To 
the north and northeast of the range the older sedimentary formations 
rapidly assume very great vertical dimensions, while for a long distance 
in the opposite direction they show a smaller development. Here, then, 
we find an area of maximum sedimentation—one capable of producing 
the results which Sir John Herschel so ingeniously assumes, ?.¢., a down- 
ward flexure of the strata. This necessitates a corresponding upward 
movement in order to re-establish equilibrium. Such a movement will 
take place at the point or along the line of minimum resistance. In the 
existence of the Prozoic subsidiary range we have an ancient barrier to 
the influx of the earliest waters producing sedimentation; consequently 
we find along this old range a line least incumbered by deposition of 
weighty sediment. This indicates the horizontal zone of least vertical 
resistance, and here we find the Wind River Range cceupying a very 
elevated position. From the structure of these mountains, as well as 
from that of the sedimentary area east and northeast, we learn that the 
force which produced the upheaval made itself felt for a greater distance 
eastward than west. This is shown by the long-continued easterly dip 
of the strata and by the subsequent rearrangement of strata as produced 
by the two easterly anticlinal uplifts. A result of this nature would 
necessarily follow were the cause of the first disturbance located north 
and northeast of the range. We observe in the range, as well as in the 
antichnal folds eastward, the lack of symmetrical arrangement of par- 
ticipating beds. The axes of the folds, instead of standing vertical, in- 
cline to the northeast, at angles from 20° to 30° from the vertical. Ex- 
pressing the same fact in other words, we may say the movement 
producing the elevation of ridges or ranges which show an anticlinal 
structure has, in this instance, progressed from northeast to southwest, 
and, we may add, due to the influence of endogenous flexure of deposits 
caused by an enormous accumulation of sediment. 

As the two anticlinal folds which have been marked as A and B in pre- 
vious pages approach the Sweetwater and Seminole Hills, the direction 
of the vertical axis changes. It becomes first perpendicular, and then 
inclines to the southwest. This, no doubt, is owing to the existence pri- 
marily of granites, which, in that region, have been elevated synchro- 
nously or immediately before; and, secondarily, to the masses of sedi- 
ment which had an opportunity to accumulate to the southward. In 
connection with the remaining two anticlinals of our district (C and D), 
we observe the same features that have been seen occurring near the 
Wind River Range. The strata involved show a more rapid inclination 
toward the west than the east. So far as the area which we examined 
is concerned, we may regard it as a rule that the axes of anticlinal folds 
trending north and south, with variations to the northwest, show a de- 
cided dip to the east and northeast. It is a matter of some risk to base 
generalizations upon observations extending over even more than 10,000 
miles. Iam fully aware that investigations of contiguous regions may 
prove the views held with regard to the elevation of the Wind River 
chain as untenable. The above demonstration, however, has suggested 
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itself to me while prosecuting the study of this district, and I believe 
that eventually it will be found to be correct. 

Concerning the geological period during which the main range was 
elevated, we have obtained some data, which, to me, appear conclusive. 
The general easterly and northeasterly dip of the older sedimentary 

formations at the base of the mountains is established.” We have traced 

the series, one conformable upon the other, from the Silurian to the Ter- 
tiary, and have recognized the representative of the Eocene, the Wasatch 

Group. Uncomformably overlying this last-named member we observe 

the Sweetwater Group. Whatever may be the position in systematic 

classification to which this is assigned, it is certainly considerably 
younger than the Wasatch. This, therefore, is an instance, where an 

Kocene Group, disturbed from its original, horizontal position by the ele- 

vation of the main range and its accompanying upheavals, fails to remain 

conformable with a younger Miocene Group. Consequently, we must re- 
gard the period of elevation as falling between the Eocene and the termi- 
nationof the Miocene. The exact chronological position it occupies is not 
apparent, but so much can be said with certainty, that the Wind River 

Range was elevated after the deposition of the Wasatch Series, and 

reached high altitudes before the deposition of the Sweetwater Group. 

A slight dip of the beds composing the latter, as well as of the Pliocene 

beds covering them, could be observed throughout their exposure. This 

indicates a general minor elevation, subsequent to the Miocene period, 

along a curving line which essentially forms a continuation of the longi- 

tudinal axis of the range. The vertical extent of this gradual rise was 
- comparatively inconsiderable, as the inclination of strata reaches a max- 
imum of only 5°. 

From the evidence which could be obtained, I regard the formation of 
the anticlinal folds east of the range as subsequent to the elevation of 
the mountains. After they had come to a point of stability, the gentle 
tise above mentioned took place. These observations confirm the views 
held by Dr. A. C. Peale, presented in the American Journal of Science 
and Arts, April, 1877. 

It will be remembered that the anticlinal uplift near Salt Wells (D in 
Section XVII) trends west of south. At nearly right angles to this, 
south of east, we observe the strike of the leucitic eruptions. Nearly 
all of the lava has been poured out through fissures. We may readily, 
therefore, assume a causal connection between the two phenomena. 

Sedimentary formations are amply represented in our district and are 
studied with great ease. Typical in every respect, they offer very little 
difficulty as to identification. Although they take an active part in all 
the dynamical disturbances of the region, their original position, as well 
as present connection, can be traced without much trouble. Some hesi- 
tancy is experienced in classifying the various groups of the Tertiary 
formation, as but a portion of the entire series occurs. In the preced- 
ing report this has been done in such a manner as is warranted by the 
observations made in the field. Paleontological remains are compari- 
tively rare, but enough were found to enable subdivision of formations 
into their respective groups. 

An attempt has been made to classify the Archean rocks with some 
degree of accuracy. The region is favorable to this purpose, and the 
relations of the groups, among themselves, are definite. In the appended 
table they have been placed on a parallel with eastern systems, but 
it is not intended that an absolute identity should thereby be expressed. 
Relatively, they occupy the same positions west as east, but are not pre- 
cisely either the same in composition or arrangement of beds. 
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TABLE OF FORMATIONS. 


A table has been prepared enumerating the various formations and 
eroups as found in the Sweetwater district. The thickness of groups 
have been given from the minimum to maximum, and it has been indi- 
cated in which portion of the district the latter is found. Generic names 


of the fossils observed have been introduced. 


Table enumerating the various formations and groups as found in the Sweetwater district. 


Leaves in the sandstones and 
some of the shales. 


Group. 


them. Coal. 


EOCENE. 


Group. 


| Lower Wasatch} Upper Wasatch 


3/8 5 2 O45 
. || 3] -s a Fossils. Character of strata. A9 
gale 8 ce 
acs} So |-n = st 
OR} A S =| 
iB a Vai 
a E Sand dunes, soil, loose drift and gravel - - f ae 
a) 
pS 
3 
5 a Shells of living Gasteropods in | Lake beds, glacial deposits, and old river | Vary- 
5 z lake beds. drift. ing. 
Co R 
Se 
5S s Loose, structureless conglomerate. Spread] 10 
d || $s over the undisturbed younger beds. to 
A Sy > 400 
8 $ 
io) ‘S) ee 
as 
s& White, light yellow, pink, and greenish | 300 
355 oes Mala remains of Mam- marls and sands.’ Some beds of sand-| to 
° ES stone near base. 900 
d 
=) sa Local deposit. Brown indurated shales 1200 
~ S 5 and marls, some sandstone and couglom- | “;, 
: 8S erate near base. 1400 
S a 
‘ Soe 
fa - | & || && | Numerous remains of Turtles : : 500 
z 3 ‘ ? | White, light gray, and buff calcareous 
e B a ze EOE REE shales and marls; series incomplete. 
oi 
3 S Fishes and Insects in shales. | Brown, concretionary sandstones near top. | 1700 
i= es Plants higher up. Blue, gray, and white calcareous shales} to 
Ss lower down. Carbonaceous shales, sand- | 1800 
3S stones, and dark shales near base. Thin- 
& ning northeast. ? 


Massive sandstones and shales. Red near 
top. Shales yellow and brown, contain- 
ing selenite. Basalt breaking through 


Highly arenaceous marls. White, yellow, 
green, red, brown, and maroon. Sand- 
stones near base, together with heavy 
local conglomerates. Thinning outnorth- 


ENDUCH.] SWEETWATER DISTRICT—TABLE OF FORMATIONS. 155 


Table enumerating the various formations and groups, §c.—Continued. 


J. 
gs 1a 4) O43 
s | 2 ay Character of strata, de 
FlE| 2 a 
aan iy = A 
AIA do) a 

BD 4 ||. . | Numerous Leaves. Inverte- | Series of shales and sandstones, Coal near | 1600 

Dole] s& brates of fresh-water and the top and near base. Clays and shales 

aA a =5 brackish-water types. Os- in vicinity of coal. Thinning out north- 

mo} 3]| 8s trea, Viviparus, Unio, Goni- ward, and incomplete there. 

oA RIN obasis, &c. 

wo 
Qa | a] Inoceramus, Ostrea, and nu- |} Sandstones and shales near the top, con-| 500 
5 iS & merous other Invertebrates. taining coal. Massive arenaceous and| to 
a Ss micaceous shales lower down. Shales | 1300 
Heulleses and sandstones at base. Thinner north- 
a Ry ward. 

t 


2) 

Sauls. 

Ralls g Inoceramus, Ostrea,and other | Sandstones at top. Massive dark-gray| 600 

=| 4 Ss Invertebrates. shales, weathering light gray and white. | to 

ae Oe |S Carbonaceous shales. Thinner toward| 850 
a || Sd north. 

gl2/s 

o A | 


Leaves, Grypheea, Inoceramus, 
and other fossils. 


Massive yellow and white sandstones, with 
carbonaceous shales. Gray, yellow,and| to 
brown shales. Sandstones and conglom-| 700 
erates near base. Thinner northward. 


MESOZOIC. 


Belemnites, Grypheea, Pecten, | White, yellow, pink, and light-green marls| 120 
and other Invertebrates. at top.. Yellow shales, with limestones, to 
lower down. Massive blue limestones} 220 

near base. Thicker north, 


} VARIEGATED 
BEDS. 


White, yellow, and pink coarse-grained| 150 
sandstones. Thin beds of shales be-| to. 
tween them. 400 


Naticain dolomitic limestones. | Massive red argillaceous sandstones. Red 
Fucoid forms in sandstones. shales, with dolomitic limestones,in the| to 

middle. Red and pink sandstones, with | 800 

gypsum, near base. Thicker northward. 


RED BEDS. 


Lower. 


< ’ 

= = Indistinct remains of Plants. | Pink and yellow sandstones, with yellow} 150 
= & and greenish shales. Ripple-marks. to 
& 320 


ellos ne 
8 |b % 
S) 3 
= =| 5 3, | Productus, Orthoceras, Orthis, | Massive blue limestone, containing large | 1400 
5 a SS and other fossils, all silici- quantities of concretionary silica. To-| to 
i= § 2 fied in the northern portions ward the base some magnesian lime-| 2200 
R a 2s of tho district. stones. Thicker toward the north. 
mi 8 S| 
nae 
Ry o 


Crinoids, Corals, Chonetes, | Dolomitic limestones, yellow and gray dol-| 350 
Spirifer, Orthis, Orthoccras, omites, with some sandstones near top.| to 
Productus, and others, most- Thicker northward. 700 


ly silicified. 


ous Group. 


LOWER. 
Subcarbontfer- 
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Table enumerating the various formations and groups, §¢.—Continued. 


I Tale 3 
=| 2. 
e/ a Fossils . Character of strata, AS 
a Q ; 4 
2 F i E ey 
Sila |All & a 
ic} 
. . = 
a) a 5 & Orthistritonia, Corals, Dicel-| Blue and white limestones, partly odilitic. | 100 
qe - | & || Ss locephalus, and others. Thinly banded shales. Greatest thick-| to 
: 4 5 || 3 S ness north. 280 
‘S) 
So |e = 
RR 
al] A| 2 || S< | Lingula, Obolus, Obolella..-..- White and yellow, mostly red quartzites. 
¢q || 2 Sometimes thinly bedded, and again| to 
Py heavily stratified. Greatest local devel-| 600 
opment at Rawlings. 


Granites, composed of orthoclase, oligo- |30, 000 
clase, quartz, and dark-colored micas. 

The latter substituted by hornblende 

and chlorite. 


System. 


Schists, composed of quartz, feldspar, horn- |18, 000 
blende, and mica. Metaliferous. 


ARCH ZAN. 


Massive, structureless granites, composed |Indef- 


quartz and muscovite. 


S 

a8 

S . : . 
x3 of orthoclase, large masses of white | inite. 
Re 


We find that in the Sweetwater district the total maximum thickness 
of sedimentary deposits amounts to more than 16,000 feet. The esiti- 
mates upon which the thickness of Archean groups are based must ne- 
cessarily be incomplete, but I believe that the figures given approach to 
true dimensions as closely as is possible. Were the structure of chains 
and ranges perfectly open, more reliable results could be obtained. 


AP Ey 1), Las 


CATALOGUE OF MINERALS OCCURRING IN THE SWEET- 
WATER DISTRICT. 


The catalogue herewith presented is a very meagre one considering 
the area over which our explorations extended. ‘This is due, in part, to 
the fact that but a very small portion of the area was composed of min- 
eral-bearing rocks, and partly to the fact we have no time to search sys- 
tematically for them. It was my intention to prepare a catalogue cover- 
ing the entire territory, but the requisite information upon the ‘subject of 
distribution of mineral species does either not exist or is not available. 
“Whenever the necessary amount of material may have been collected for 
such a purpose in a manner that it may be utilized, I propose to carry 
out my original plan. 


AMPHIBOLITE.—Small erystals in the hornblendie schists of the metallif- 
erous series. Green, partly fibrous, in granitic syenite near Rawlings. 
AUGITE.—Minute crystals in the basalt near Essex Mountain. Found 
also in some of the basalts northwest of Salt Wells. 
AZURITE.—The result of decomposition of chalcopyrite in Seminole 
Mines. 
BiorITE.—Small, six-sided crystals in basalts. Together with augite. 
CALCITE.—Crystallized in small fissures and druses of Carboniferous 
limestone. On Beaver Creek, along the eastern base of Wind River 
Mountains, and in Seminole Hills. Scalenohedra, rhombohedra, and 
combinations of both, are found. 
CHALCOPYRITE.—Small quantities in the mines of Seminole Hills and of 
South Pass City. 
CHLORITE.—In some of the granites of the Wind River Range. 
CosL.—Bituminous coal occurs in the Laramie and Wasatch Groups. 
Js mined extensively at Rock Springs, Evanston, and other localities. 
CorUNDUM.—Small particles in some of the high granites of the Wind 
River Range. 
Epmore.—Crystallized and massive in the metamorphic granites of the 
Wind River Range. 
GLAUBERITE.—In small quantities in some of the “alkali-flats” as effio- 
rescence. 
GoLp.—In the Sweetwater Mines, Seminole Mines, and other localities. 
Jn numerous gulches and in quartz veins. 
GyPsuM.—-Massive in the lower beds of the Triassic formation. Good 
exposures found on the Little Popo-Agie. 
Alabaster.—At the same locality, w hite, yellow, and red, either pure 
in color or veined. 
Selenite—Throughout the Wasatch shales and marls.. Single and 
twin crystals. Found in many shales, irrespective of groups. 
HALITE.—Iound in the alkaline efilorescences of dry lakes. 
HEMATITE.—Massive, red in the Paleozoic rocks near Rawlings Springs. 
Utilized as flux for ores and as red paint. 
Fibrous.—At the same locality. 
157 


158 REPORT UNITED STATES GEOLOGICAL SURVEY. 


Micaceous.—In. some veins traversing the granites of the Wind 
River Range on the upper drainage of the Little Sandy. 

Specular —At the same locality. Occurring mostly in small, erys- 
talline masses, rarely crystallized. 

Limonirr.—In Cretaceous shales on the Little Popo-Agie. ‘Throughout 
the ferruginous strata of the upper Cretaceous beds, in small deposits. 

_MAGNETITE.—Minute erystals in some of the metamorphic rocks. 

MaracurtE.—in chalcopyrite, the result of decomposition from ore of 
the Seminole Mines. 

Muscovitr.—Good crystals in granite east of the South Pass. Through- 
out the Prozoic granites, sometimes in sheets of several inches. 

OBSIDIAN.—Scattering, in fragments, transported from other localities 
by Indians. 

OLIGOCLASE.—In the granites of the Wind River Range. Rarely occur- 
ring crystallized. 

OLIvVINE.—In some of the basalts near Essex Mountain. 

ORTHOCLASE.—Red and flesh-colored in the Prozoic granites. No erys- 
tals were found. 

PETROLEUM.—In the “tar springs” of the Little Popo-Agie and near 
Camp Brown. 

PHLOGOPITE.—In the granites of the Wind River Range, as a constitu- 
ent mineral. 

PyritEeE.—Throughout the Sweetwater Mines. Mostly decomposed. 
Crystallizes in cubes. In the Seminole Mines. Concretionary in the 
Shales of the younger sedimentary groups. . 

QUARTZ.—Crystallized in druses of the Carboniferous limestones. Mass- 
ive; white, yellow, gray, and pink in the Prozoic and metamorphic 
granites. 

Agate.—In the lower Green River and upper Wasatch beds. Forms 
geodes in Carboniferous limestones. 

Basanite. —In drift originating from Tertiary strata. 

Chaleedony—Very abundant im drift and in the upper strata of the 
Wasatch. Found in large quantities in the Carboniferous lime- 
stones and Pliocene marls north and northwest of Granite Hills. . 

Flint.—Occurs together with chalcedony. 

Jasper.—lound at the same localities. 

Moss-agate—Very fine north of the Sweetwater, at Agate Lakes. 
Poorer specimens from the upper Wasatch beds. 

SIDERITE.—Massive in the metalliferous schists south of Atlantic City. 

THERNANDITE.—In the alkaline lake deposits as efflorescence. Some- 
times crystallized. 

TOURMALINE.—Good crystals, with double terminations, west of South 
Pass in granites. 

. TronA.—In alkaline deposits as efflorescence. 

WAVELLITE.—Radiated in shales near Separation. Light-green color. 

ZIRCON.—In some of the hornblendic and micaceous schists near Camp 
Stambaugh. 


REPORT OF C. A. WHITE, M. D. 


LETTER OF TRANSMITTAL. 


UNITED STATES GEOLOGICAL AND GEOGRAPHICAL 
SURVEY OF THE TERRITORIES, 
Washington, D. C., October 1, 1878, 


Sir: I have the honor to transmit herewith the Hepare of my palopitat 
geological labors in the field for the season of 1877, together with other 
relevant matter illustrative of their results. The field-work assigned to 
me consisted of a series of special geological investigations, in which 
paleontological research should constitute a prominent feature. The 
regions or districts in which, in pursuance of this plan, I have prosecuted 
my investigations, have from time to time been more or less fully reported 
upon as to the stratigraphical geology, by various field geologists, but 
still the necessity existed of correlating the formations as found in those 
districts respectively, and upon both sides of the principal mountain 
ranges, by a careful collection and investigation of their fossils. While 
it was understood to be essential that all the formations which were trav- 
ersed in my journeyings should receive careful study, it was thought 
especially desirable to investigate those strata on both sides of the 
Rocky Mountains, which lie between the Fox Hills Group of the Creta- 
ceous series below and the Tertiary strata of exclusively fresh-water 
origin above. These strata are here designated as the great Laramie 
. Group, and include those which have been designated, in the former pub- 
lications of the Survey, as the Lignitic Group, “east of the Rocky Moun- 
tains and in Middle Park, Colorado ; the Bitter Creek series and their 
equivalents west of those mountains, especially in the great Green River 
basin ; the so-called estuary beds of Bear River Valley, in Southwestern 
Wyoming and adjacent parts of Utah, and also the Judith River and 
Fort Union beds of the Upper Missouri region. 

My report, having in part a narrative form, will supply all the desirable 
details of travel and field-labor, but the following statement of the gen- 
eral course of my travel during the season will aid in forming an idea of 
the geographical scope of my labors: 

Outfitting at Cheyenne, Wyo., I journeyed southward, traversing in 
various directions a portion of the great plain that lies immediately ad- 
jacent to the eastern base of the Rocky Mountains. The most easterly 
point thus reached was some 60 miles east of the base of the mountains, 
and the most southerly point about 25 miles south of Denver, Colo. Ke- 
turning to Denver for outfit-supplies I crossed the Rocky Mountains by 
way of Boulder Pass; thence through Middle Park and across the Park 
Range to the headwaters of Yampa River; thence down that river to a 
point about 20 miles west of the western base of the Park Range of 
mountains; thence southeastward to the White River Indian Agency; 
thence down White River valley about 100 miles ; thence northwestward 
to the point where Green River makes its exit from the canons of the 
Uinta Mountains. Crossing Green River at that point, I continued my 
journey westward, near the southern base of the Uinta Mountains, cross- 
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ing the Wasatch Range at its junction with that of the Uintas, to Great 
Salt Lake, the most westerly point of my travel. Recrossing the Wasatch 
upon the north side of the junction of the two ranges, I proceeded east- 
ward, my general course lying between the northern base of the Uintas 
and the Union Pacific Railr oad, and finally leaving the field on October 
1, at Rawlins Station on that railroad. 

’ Aside from accomplishing the special objects of the journey here out- 
lined, I was enabled to spend considerable time in the district between 
Yampa and White rivers, making essential additions to the geological 
studies I had made there during the previous season, the results of which 
have been incorporated into my report for 1876, now in type. 

In the discussions of the strata and fossil faunz of each of the locali- 
ties which I visited during this season, as well as in the more general 
discussions at the close of this report, I have made use not only of much 
information that I have obtained by former similar field labors, but also, 
for purposes of comparison, of much that has been done and published 
by others. Therefore the scope of this report is much greater than the 
results of the single season’s labor in the field for 1877. Among this 
added material are some lists of fossils which have from time to time 
been sent to the office of the survey, by persons not officially connected 
with it, from various and distantly. separated localities in the western 
part of the national domain. By the use of these, in connection with 
other information, I present some interesting and important facts con- 
cerning the geographical distribution of invertebrate types, especially 
during the Cretaceous period. 

While this season’s work is seen to be only the beginning of a neces- 
sary series of similar field investigations, it is a matter for congratula- 
tion that.so good a degree of progress has been made in the elucidation, 
upon the basis established as the result of your eafly labors in the west- 
ern field, of the questions which they involve. | 

Very respectfully, yours, 
C. A. WHITE. 

Prof. F. V. HAYDEN, 

In ehange of the United States Geological Survey of the Territories. 


REPORT ON THE PALEONTOLOGICAL FIELD-WORK FOR THE 
SEASON OF 1877. 


By C. A. WHITE, M. D. 


The outfitting camp being located on Owl Creek, twelve miles south 
of Cheyenne, field examinations were begun in that neighborhood. This 
district is one of considerable importance from the fact that the southern 
boundary of the large region occupied by the deposits known as the 
White River Tertiary Group, probably of Miocene age, passes through 
it in an easterly and westerly direction. This formation is seen to rest 
direetly upon the lignite-bearing strata of the Laramie Group; and al- 
though the strata of both formations are so nearly level here as to betray 
no unconformity of deposition, the two are known to be unconformable by 
sequence. In other words, certain Tertiary formations in the great Green 
River Basin west of the Rocky Mountains, are now known to belong in the: 
geological series between the White River and Laramie Groups, although 
they are seen in contact in the region under discussion. No special ex- 
amination of the White River Tertiary beds was made upon this occasion, 
except so far as to ascertain their general characteristics for immediate 
comparison with the Laramie Group, to which it was proposed to give 
especial attention. The White River formation is known to extend from 
the base of the mountains far out upon the great plains, and also far to 
the northward; and wherever these beds exist in the broad reigon thus 
indicated they cover those of the Laramie Group, and are believed. to 
rest in all cases directly, although unconformably, upon them. In all 
the great plateau region west of the Rocky Mountain Range proper, the 
extensively eroded and deeply carved strata of the Mesozoic and Ceno- 
zoic formations are so perfectly denuded of the débris resulting from 
their erosion that scarcely any impediment exists to their complete and 
rapid study. Their investigation is still further facilitated by the spars- 
ness of vegetation and the multitude of elevated points for observation 
left as a result of deep erosion before referred to. In the plains east of 
the mountains, however, even the same formations, retaining the same 
lithological characteristics as those western ones just mentioned, while 
they may have suffered much erosion in the aggregate, have been 
eroded less deeply. Therefore the débris resulting from their erosion is 
abundant upon the surface, and the free exposures of the undisturbed 
Strata are compatively few, except where they are upturned against the 
immediate flank of the mountains. In that portion of the plains, how- 
ever, which I examined in 1877, the exposures were sufficiently numer- 
ous, aided by the extreme simplicity of the stratigraphic structure of the 
region, to enable me to trace out the formations and to deternrine their 
characteristics, without difficulty. 

The first exposures of the Laramie Group which I examined were 
at and in the vicinity of some abandoned coal-mines about two miles 
west of Maynard’s Ranch, a few miles east of the foot-hills of the Rocky 
Mountains, and about twenty-five miles south of Cheyenne. ‘Fhe strata 
here are nearly level, or have only a slight dip to the eastward, and the 
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openings in the coal-bed have been made in a broad depression of the 
surface. or shallow valley, along a line a couple of miles in length and 
having a northerly and southerly trend. The rocks here, and in this 
vicinity, both of the Laramie and Fox Hills Groups, consist of soft 

sandstones and sandy shales, the latter apparently predominating, and 
among the strata of the Laramie Group there are occasional layers that 
contain a considerable amount of carbonaceous matter, besides the bed 
of coal before referred to. 

In this neighborhood the only fossils obtained were from the Laramie 
Group, and with the exception of a single imperfect example of a Corbula 
probably C. perundata Meek and Hayden, they belong to one species 
each of Ostrea and Anomia. , The latter is the Anomia nicronema of Meek 
which is common but not abundant. The Ostrea was found to be quite 
abundant, especially in some places. They were found to occupy at 
least two layers of considerable constancy and extent and only a few 
feet apart. The principal oyster layer is between 50 and 100 feet above 
the bed of coal already mentioned. The position of the coal and the 
fossiliferous layers in relation to either the base or summit of the Lara- 
mie Group as it exists in this region could not be ascertained, but obser- 
vations made both here and in the valley of Crow Creek, where the same 
layers were clearly recognized, seem to indicate that their position is 
nearer to the base than to the summit of the group as it is developed 
east of the Rocky Mountains. It may be remarked here in passing that 
the aggregate thickness of the Laramie Group is much less east of the 
mountains in Colorado than it is west of them in the great basin of Green 
River. 

The shells of Ostrea found at the locality near Maynard’s Ranch, like 
those of all the known species of that genus proper, are very variable, 
so much so that it would be impossible to represent the species (for I 
regard them as belonging to one species only) by the most careful selec- 
tion of only a few examples. After a careful study of a large collection 
of these shells, made not cnly at this locality, but also in numerous other 
localities of the Laramie strata of this region east of the mountains, 
most of which are from substantially one and the same limited horizon, I 
am convinced that they constitute only one species, notwithstanding 
their great variation. A large proportion of the lighter, thinner, and 
more elongate shells, are plainly identical with those forms that were 
originally described by Meek and Hayden as Ostrea glabra, their exam- 
ples having been obtained from the Judith River beds of the Upper 
Missouri River region. Others, among the larger aud more massive 
shells, are undistinguishable from O. wyomingensis Meek, as found at 
the typical locality at Point of Rocks Station, Union Pacific Railroad, in 
the valley of Bitter Creek, Wyoming. There are still others, small 
examples, that may reasonably be referred to those forms which Meek, 
in vol. ix of the United States Geological Survey of the Territories 
referred, and perhaps correctly, to O. subtrigonalis Evans & Shumard. 
Among the large collections of these shells that Ihave made in the region 
adjacent to the eastern base of the Rocky Mountains in Colorado, it is 
easy to select forms that will connect together all three of those that have 
just been mentioned, and which have been described as distinct species. 
Such selections and "arrangement leave the differences between any of 
the varietal forms so employed far within the most rigid limits of recog- 
nized specific variation among the Ostreide. If this conclusion i 18 correct, 

as it is believed to be, it not ‘only shows an identity of three forms, hith- 
erto supposed to be specifically distinct, but it also shows a very wide 
geographical distribution of the species, ‘and a geological equivalency of 
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the strata in which they occur. But this subject will be discussed 


farther on in this report, in connection with facts of a similar nature in 
relation to other species also. 

Going westwardly from the fossil and coal locality, in the neighbor- 
hood of Maynard’s ranch, I passed the base of the foot-hills and went a 
few miles up “ Box Elder Canon,” examining the strata of the different 
Mesozoic forniations as they successively rise from beneath the Laramie 
Group and each other, and are upturned there against the flanks of the 
mountains. \ 

Owing to the friable condition of all the Laramie strata, they have 
been mostly removed by erosion wherever they were formerly upturned. 
The formations that successively rise beneath these are, in the descend- 
ing order, the Fox Hills, Colorado, and Dakota Groups, of Cretaceous 
age, and the “ Red Beds,” of supposed Triassic age, the latter resting 
directly upon the granite. In this vicinity I failed to find any fossils in 
any of the strata of these formations beneath the Laramie Group, but 
from the well-known lithological characteristics of each group respect- 
ively, they were readily identified. The strata of the Fox Hills and Col- 
orado Groups, at least the upper portion of the latter, being like those 
ot the Laramie Group, comparatively soft and easily eroded, the surface 
of the plains is continuous toward the mountains over these formations, 
the foot-hills of the mountains being composed mainly of the harder 
strata of the Dakota Group and the Red Beds. The lower portion of the 
Colorado Group is composed in this region of light-colored, firm, siliceous 
shales, which in some places are rocky enough to form hog-backs of con- 
siderable elevation. At no locality east of the mountains did I find the 
strata of the Colorado Group composed of the soft, blue, clayey shales 
that so generally characterize that group west of the mountains. In the 
last-named region, however, the lower portion of the Colorado Group is 
almost everywhere characterized by a greater or less thickness of bluish 
or dark fissile shales, which is perhaps only a modiiication of the more 
rocky portion, holding a similar position in the group east of the mount- 
ains. 

From Box Elder Caiion I traversed the space between that point and 
Cache a la Poudre River, a tributary of the South Platte, which I reached 
opposite the town of Greeley, going by the way of Higley’s coal-mine. 
I recognized the existence of the Laramie Group beneath the surface 
debris all the way, but collected no fossils on that portion of my route. 
From the valley of the Cache a la Poudre I proceeded eastward to the 
valley of Crow Creek, another tributary of the South Platte, having its 
confluence with that river a few miles below that of the Cache a la Poudre. 
Upon the elevated ground, constituting the watershed between these 
two tributaries, some five or six miles northeastward from Greeley, I 
found some slight exposures of strata, among which I recognized the 
fossiliferous horizon of the neighborhood of Maynard’s ranch. Here I 
obtained not only the Ostrea and Anomia which I collected there, but 
also Corbula subundata Meek and Hayden, and Corbicula cleburni White. 
Going directly to Crow Creek to camp, I commenced an examination of 
the valley. JL found no exposures of strata between that point and the 
mouth of the creek, a distance of about five miles, but along the eastern 
summit of the valley side, where I hoped to have found exposures, the 
surface was found to be largely occupied by sand dunes. Proceeding 
up the valley I found no exposures of strata for five miles more, nor 
until I reached a point about ten miles from the mouth of the creek. 
From this point to five or six miles farther up the valley I found numer- 
ous limited exposures of strata containing many fossils, mainly on the 
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east side of the valley. In this valley, as in all the plains region round 
about, the exposures of strata are not only few, but none of them are _ 
extensive. The most southerly exposure is about ten miles from the 
mouth of the creek, and here I again recognized the oyster horizon which 
has been mentioned twice before. The species mentioned before were 
found abundantly here, and many other molluscan species besides, in 
associated layers. I traced this fossiliferous horizon northward for a 
distance of five or six miles above the point where I first discovered it, 
and found it to occupy nearly a uniform height above the level of the 
creek. The exposures are in the face of the low sloping hills that border 
the east side of the valley, and are distant from the creek only from a 
few hundred feet to half a mile. 

The full section of the strata constituting the valley side here was quite 
clearly ascertained, although the débris which prevails upon the plains 
has so obscured them in most places, even on the slope, that they were 
not all observable at any one point. ‘The following is a record of the see- 
tion as ascertained by measurements at several different points within the 
few miles that they were found exposed, as before stated: 


Crow Creek section. ; 
Feet. 
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PAGTAVISHSVTCCOUS MALL 25 ss oS eee eo Rear cneemictae See iamie ea ae ee cties cee Ce 
3. Sandy and calcareous layers; with Corbicula, &c...--.---..----- .----.------- 3 
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No. 1 is the prevailing debris of the plains, which at top constitutes 
the sandy soil. 

No fossils were found in No. 2, but itis evidently a part of a continuous 
deposit with those beneath. 

No. 3 is remarkably prolific in fossils, especially the genus Corbicula, 
of which there are no less than six or seven distinct species. In this 
member of the section I also found the majority of the examples of Me- 
lania wyomingensis Meek, although all its associates are regarded as 
brackish-water forms. This member of the section is variable, bemg in 
some places soft, sandy, and argillaceous, while in others it is mainly 
composed of harder sandy or argillaceous rock. 

No. 4 constitutes one of the most if not the most persistent fossil-hori- 
zons in this neighborhood. It is especially characterized by an abund- 
ance of the Ostrea and Anomia which has been before mentioned as 
characterizing a definite limited horizon in the neighborhood of May- 
nard’s ranch and elsewhere. 

No. 5 is a local development of irregular and somewhat conecretionary 
layers, the rock being siliceous, and also somewhat argillaceous and 
calcareous. The masses in this layer, that are referred to as coneretion- 
ary, are comparatively large, and are abundantly charged with fossils, 
while the intervening portions of the layer are less fossiliferous. This 
member of the section was recognized at only one point, and that at the 
southern end of the series of exposures in the valley of Crow Creek, now 
under discussion. Unlike the other fossiliferous layers which compose 
this section, all of which contain brackish-water forms, No. 5 contains 
only those which are properly regarded as of purely fresh-water origin, 
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if we except Volsella (Brachydontes) regularis White, a couple of imper- 
fect examples of which were found among those forms. 

No. 6 ought, perhaps, to be properly subdiv ided, but, being composed 
of soft material, it was found nowhere freely exposed. Some of the lay- 
ers seem to have been of purely fresh-water origin, because fragments of 
a species of Unio and one of Campeloma were found there; while other 
layers were as evidently of brackish-water origin, because the Ostrea 
before mentioned was frequently found in them, though it is not so abund- 
ant there as in No. 4. Although these fragments of Unio were too im- 
perfect for specific identification, they were sufficient for unmistakable 
generic recognition, and their discovery has especial interest as being 
the first recognition of that genus that has hitherto been made in the 
strata of the Laramie Group ‘east of the R ocky Mountains in Colorado, 
although many species have been discovered in strata of that period west 
of the ‘mountains and in the Upper Missouri River region. 

Nos. 7, 8, 9, and 10 were found exposed only at one locality, in a gully 
that led down to the creek. Their characteristics are doubtless repre- 
sented with approximate correctness in the foregoing record of the sec- 
tion, but they were not without some evidence of havi ing been partially 
disturbed by the valley erosion. Hither No. 7 or No. 9, or both, probably 
represents the bed of coal that is worked at Higley’s Mine and elsewhere, 
and is reported to have been worked in this neighborhood also, but I 
did not find it. The following is a list of the fossils obtained from the 
different members of this section : 


LIST OF FOSSILS FROM THE VALLEY OF CROW CREEK, COLORADO. 


. Anomia nricronema Meek. 

. Anomia gryphorhynchus Meek. 

. Ostrea glabra Meek & Hayden. 

. Volsella (Brachydontes) regularis White. 

. Anodonta parallela White. 

Unio 2 

Corbicula cleburni White. 

. Corbicula obesa White. 

. Corbicula cardiniceformis White. 

. Corbicula (Leptesthes) subelliptica Meek & Hayden. 

. Corbicula (Leptesthes) fracta Meek. 

2. Corbicula (Leptesthes) macropistha White. 

. Corbicula (Leptesthes) planumbona Meek. 

. Corbula subtrigonalis Meek & Hayden. 

. Bulinus disjunctus White. 

. Bulinus subelongatus Meek & Hayden. 

. Physa felix White. 

. Goniobasis g gracilienta Meek & Hayden. 

. Goniobasis nebrascensis Meek & Hayden. 
. Melania wyomingensis Meek. 

a1. Viviparus prudentia White. 

22. Tulotoma thompsoni White. 

23. Campeloma multistriata Meek & Hayden. 

24. Corydalites fecundum Seudder. 
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NOTES ON THE LARAMIE FOSSILS OBTAINED IN THE VALLEY OF CROW 
CREEK, COLORADO. 
No. 1. Anomia micronema Meek. 


This species was originally described by Meek in the Bulletin of the 
United States Geological and Geographical Survey of the Territories, 
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No. 1, second series, p. 43, “from a shaft sunk on the Kansas Pacific 
Railroad, 200 miles east of Denver, Colo., 45 feet below the surface, from 


beds of the age of the Wyoming Bitter Creek coal series.” Besides my » 


own collections of this species already recorded, I found. it also abundant 
in the valley of Crow Creek, where it seemed to be confined to No. 4 of 
the section there. Upper valves only were discovered, almost all of 
which plainly show the characteristic radiating strie upon the surface, 
but upon a few they are obsolete. In view of the apparent identity of 
the muscular markings and other generic characteristics of Anomia pos- 
sessed by these shells, it seems imperative that we should regard them 
as bivalves, and yet it is difficult to understand why no trace of an under 
valve, among the thousands of upper valves that have been collected, has 
yet been discovered. These remarks apply with equal force to A’nomia 
gryphorhynchus, also of the Laramie Group, and so far as I am aware, 
to all the species of that genus in the American Mesozoic strata. It is 
worthy of remark that upon some of the shells of the Ostrea found in 
the neighborhood of Maynard’s ranch, already mentioned on previous 
pages, shells of Anomia micronema were found adhering after the manner 
of Patella or Crepidula. In some cases they were found adhering to both 
sides of the oyster-shell, always conforming to the inequalities of the 
surface of the latter, and in all cases with the interior surface of the 
Anomia against the oyster-shell; never the reverse. Furthermore, a 
eareful removal of the adhering shell revealed no trace of an opposite or 
fellow valve beneath it. These circumstances, together with the fact of 
the non-discovery of the under valve, as before stated, seem to suggest 
at least the possibility that only one valve pertained to this mollusk. 
The existence of the characteristic muscular impressions of Anomia im 
these shells, implying the necessity for both proximal and distal insertion 
of the muscles into shelly substance, seems, however, to be decidedly 
against such a supposition. 

While the bulk of the shell substance of this species, like that of other 
species of Anomia, is pearly, and often brilliantly so, that portion which 
is occupied by the nearly centrally located broad muscular scar has a 
subprismatic structure similar to that of the interlamellar layers upon 
the outer surface of Ostrea or the subepidermal layers of Unio, but it is 
usually less distinctly prismatic than are the portions of the other shells 
referred to. 

The direction of these shell-fibers in the case of the Anomia being, as 
in all other cases, perpendicular to the plane of the valve, and yielding 
to destructive disintegration more readily than the remainder of the 
shell, it not unfrequently happens that a hole is thus made through the 
valve, suggesting that it may be the byssal aperture of an under valve. 
But in all these cases the muscular markings and other interior char- 
acteristics show them to be upper valves, and of course without a byssal 
aperture. 

Anomia micronema, as will be seen from records of species and locali- 
ties on following pages, is one of the most common species of the Lara- 
mie Group on both sides of the Rocky Mountains, having also a great 
vertical range in that group.. 


No. 2. Anomia gryphorhynchus Meek. 


_ This species was first described by Meek in the Annual Report of the 
United States Geological Survey of the Territories for 1872, p. 509. 
His type-specimens were very numerous, and came from a stratum in 
_ the Bitter Creek series two miles west of Point of Rocks Station on the 
Union Pacific Railroad, Wyoming, which stratum holds a position sev- 
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eral Imndred feet beneath the fossiliferous layers at that station, and 


their equivalents near Black Buttes Station, some twelve miles distant. 
It has also been found at the higher horizon jist mentioned, west of the 
Rocky Mountains, and a couple “of examples were found in the Laramie 
strata of Crow Creek that seem unmistakably to belong to this species. 
Besides this, an example, apparently of this species, has. been recognized 
among some fossils collected by Prof. J. W. Powell in the Canon of 
Desolation of Green Riv er, Utah. It seems to be a comparatively rare 
species except at the locality where it was originally discovered. 


No. 3. Ostrea glabra Meek & Hayden. 


The same variations exist among the examples of this species from the 
valley of Crow Creek, where it is quite abundant, that have been noticed 
on a previous page eas prevailing at the locality in the neighborhood of 
Maynard’s ranch; and the same variations also exist among “the examples 
found here that sug roested the reasons before mentioned for regarding 0. 


mwyomingensis Meek, and perhaps O. subtrigonalis Evans & Shumard also, 


as specifically identical with O. glabra. The differences are believed to 
be mainly the result of difference in age, but they were doubtless due, in 
part, to environment also. 

This species especially characterizes No. 4 of the Crow Creek section, 
but it is also found sparingly in other members, both above and beneath 
that one. It is also found in strata both above and beneath the one 
(No. 5) that appears to have been a purely fresh-water deposit. 

A curious habit of this species (not altogether unknown in the case of 
the living O. virginica Gmelin, and first “noticed among fossil oysters 
by Meek, in his description of O. soleniscus) is that three specimens not 
unfrequently attached themselves together by the whole length of their 
under or deeper valves. Instances of these shells being otherwise attached 
together are not common, and the great majority of them ‘are entirely 
free, and show little or no indie: ation of having been attached to any ching, 
at least since they were very small. 

The interlamellar layers of prismatic shel! structure, commonly observ- 
able upon the exterior surface of the shells of living species of edible 
oysters, have been detected upon all varieties of this fossil species which 
have been obtained from the Laramie Gr oup. Asarule, however, I have 
found it more plainly shown upon specimens obtained from localities west 
of the mountains than east of them ; and in the case of all collections L 
have found it more distinctly shown ‘upon the upper than upon the under 
valve. The latter peculiarity seems also to prevail in the case of the 
recent O. virginica Gmelin; but in other respects the difference seems 
to be due to difference in the conditions of their preservation, or rather 
to the different degrees of their destructive disintegration and not to 
mere geographical location. It may be mentioned here that I have never 
been able to detect this prismatic structure upon the shells of any species 
of the subgenus Aléctryonia, nor upon any of either Gryphea or Buogyra. 
This does not prove, however, that such a structuer does not exist in 
those members of the Ostreid@, especially so since I have hitherto failed 
to find it upon any species of Ostr ea proper which I have found associated 
with those forms. 

These fossil oysters of the Laramie Group were subject to a pest that 
produced an effect upon the shells somewhat similar to that which is pro- 
duced by the burrowing sponge Cliona upon the shells of living oysters. 
This pest to the Laramie Ostrea seems not to have been a burrowing 
sponge, but more probably a burrowing worm. The burrows are very 
numerous, of uniform size, not larger than a horse-hair , Straight or curved, 
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often branching, the branches being uniform in size with the main bur- 
rows. Although these burrows completely “riddle” those portions of 


the shell where they are most numerous, they are not quite so destructive. 


in their effects as the burrows of Cliona are. 
A. Polyzoan, probably belonging to the genus Membranipora, was found 
encrusting portions of a few shells of this species at Point of Rocks 


Station, but it has not been observed upon shells from other localities of 


Laramie strata, except those of Bear River Valley. This Polyzoan will 


be noticed under the head of collections from both these localities. While 


_the presence of the Ostrea and Anomia in those strata seems sufficient to. 


prove the saline condition of the water in which they lived, the character 


of these parasitic or commensal species seems to atiord additional proof 


No. 4. Volsella (Brachydontes) regularis White. 


The specimens regarded as types of this species, which is described in 
the Bulletin of the United States Geological and_ Geographical SI VEY, 
of the Territories, vol. iv, p. 707, were discovered in beds Nos. 3 and 5 
of the Crow Creek section. The species, however, has been recognized 
at several localities of the Laramie Group west of the Rocky Mountains, 
as will be noticed on following pages. It was ne only presumably 
brackish-water species that was found in bed No. 5, in which all the 
a discovered species are regarded as of fr esuvauee habitat. 


No. 5. Anodenta parallela While. 


This species was discovered in No. 5 of the Crow Creek section, and has 
not since been recognized elsewhere. It has a peculiar elongate form, 
resembling Solemya in that respect, but its generic characteristics are 
those of Anodonta, and its associated species are all fresh-water forms, 
except the Volsella noticed in the precedingsparagraph. It is described 
in the Bulletin of the United States Geological and Geographical Survey 
of the Territories, vol. iv, p. 709. With the exception of A. propatoris 
White, discovered by Prof. E. D. Cope in the Judith River beds of the 
Upper Missouri River, this, so far as [am aware, is the only species of 
fossil Anodonta that has been discovered in any North American strata. 
The family, however, to which it belongs is well known to be abundantly 
represented by numerous species of Unio in the western portion of the 
national domain, from the Jurassic beds to the Bridger Tertiary inelu- 
sive. The great differentiation of type among even the more ancient of 
these Uniones, and their similarity toliving forms, makes it probable that 
the genus Anodonta eoexisted with them all. The probable reason why, 
with. the two exceptions named, they have escaped detection, is the well: 
known fact that their congenial habitat is in still waters and on a soft 
bottom, and seldom in direct association with any species of Unio. 


No. 6. Unio ? 


Only a few fragments of this species were discovered, and these only 
in No. 6 of the Crow Creek section. They were too imperfect for specifie 
determination, and are interesting only from the fact that they furnish 
the only evidence yet discovered of the existence of the genus Unio 
during the Laramie period east of the Rocky Mountains in what is now 
Colorado. The probabilities are, however, that they did exist then and 
there in considerable numbers. 


No. 7. Corbicula Cleburni White. 


Some five years ago Mr. W. Cleburn discovered this species in the 
valley of Crow Creek, either at or near the same place where I obtained 
additional specimens in 1877. This species has hitherto been found only 
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at that locality, and was obtained only from No. 3 of the section. It is 
described in the Bulletin of the Geological and Geographical Survey of 
the Territories, vol. iv, p. 711. 

No. 8. Corbicula obesa White. 

This species has been discovered both in Crow Creek and Bijou Creek 
valleys, but not elsewhere. It comes from No. 3 of the Crow Creek see- 
tion. Itis described in the Bulletin of the Geological and Geographical 
Survey of the Territories, vol. iv, p. 712. 

No. 9. Corbicula cardinieformis White. 

This is a rare but well-marked species. It was found only in bed No. 
_ 3 of the Crow Creek section, and is described in the Bulletin of the 
- Geological and Geographical Survey of the Territories, vol. iv, p. 711, 

' No. 10. Corbicula (Leptesthes) subelliptica Meek & Hayden. 

: Dr. Hayden originally discovered this species in the valley of Cherry 
Creek, Dakota, in beds that both he and Meek referred either to the 
Fert Union or Judith River series, but were unable to decide which. 
While at the original localities these two groups seem to be sufficiently 
distinct, subsequent discoveries (most of which are presented in this 
report) of the fossils of each group associated in the same layers else- 
where make it doubtful whether they will ever be recognized as dis- 
tinct groups elsewhere than at the original localities. C. (L.) subelliptica 
is described and figured in vol. ix of the United States Geological Sur- 
vey; and Mr. Meek there refers to this species as having been found in 
the valley of Bijou Creek (where I also found it), as well as in the Upper 
Missouri River region. It comes from bed No. 3 of the Crow Creek sec- 
tion, where it is asseciated with several other species of that genus. : 
No. 11. Corbicula (Leptesthes) fracta Meek. 

Several imperfect examples and fragments of a species, which is with- 
cut doubt identical with the one named above, were found in bed No. 3 
of the Crow Creek section. The species, which is the type of the sub- 
genus Leptesthes, was originally discovered in the upper part of the 
Bitter Creek series, near Black Buttes Station, Wyoming. It has been 
found there quite abundantly where it is quite variable in form, and 
where it also reaches a larger size than the average at the other localities 
at which it has been discovered. It is known at other localities west 
of the Rocky Mountains, and was also obtained by Dr. Hayden from 
oe same shaft with Nos. 1 and 13, two hundred miles east of Denver, 

olo. 


No. 12. Corbicula (Leptesthes) macropistha White. 

The type-specimens of this species came from No. 3 of the Crow Creek 
Section, but it was also obtained in the valley of Bijow Creek, and 
at these two localities only. It is the smallest known species of this 
subgenus, in which respect it contrasts strongly with the type-species 
of Leptesthes, noticed in the last paragraph. It is described in the Bul- 
letin of the Geological and Geographical Survey of the Tervitories, 
vol. iv, p. 713. 

No. 13. Corbicula (Leptesthes) planumbona Meek. 

This species was obtained in considerable numbers from bed No. 3 of 
the Crow Creek section, and also, but less plentifully, in the valley of 
Bijou Creek. It was originally discovered “two hundred miles east of 
Denver City, on the Kansas Pacific Railroad, where they were found in 
a shaft at a depth of 40 feet below the surface.” By reference to 
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remarks under the head of No. 1, Anomia mieronema, it will be seen that 
that species also was discovered in the same shaft, but at a depth of 45 
feet; that is, in a layer beneath the one in which the Corbicula here 
discussed was found. The layers which are respectively characterized 
by these two species hold the same relative position at both the Crow 
Creek and Bijou Creek localities. This fact is without important signifi- 
cance, so far as the vertical range of the different species alone is con- 
cerned, at least that of the Anemia, the vertical range of which is known 
to embrace almost the entire thickness of the Laramie Group west of the 
mountains; but it has much significance as indicating great uniformity 
of the conditions that affected deposition of sediment during the Lara- 
mie period in the region which now constitutes a portion of the ereat 
plains adjacent to the east base of the Rocky Mountains in Colorado. 
This subject, however, will be further discussed upon following pages. 
No. 14. Corbula subtrigonalis Meek & Hayden. 

Dr. Hayden obtained the type-specimens of this species from the Ju- 
dith River Group of the Upper Missouri River region. It is deseribed 
and figured in vol. ix of the United States Geological Survey of the 
Territories. Like all species of this genus, it 1s very variable in surface- 
markings and outline, but there seems to be no reason to doubt the iden- 
tity of the specimens found at the Crow Creek locality with the species 
above named, which is regarded as identical with C. perundata of the 
same authors, and which is associated in the same strata in the Upper 
Missouri River region. Neither have I any serious doubt of the identity of 
this species with both C. tropidophora Meek and C. crassitellifor mis Meek, 
both originally described by him from specimens obtained from the Lar- 
amie strata in the valley of Bitter Creek, Wyoming. The latter, accord- 
ing to Meek, was also found associated with No. 11 in the same shaft, 
200 miles east of Denver, Colo. The differences between these forms 
that have received different specific names are believed to be not greater 
than the range of properly recognized interspecific variation under dif- 
ferent conditions of environment. Several of the examples discovered, 
not only in the valley of Crow Creek, but also in localities west of the 
Rocky Mountains, are much larger than either of the Upper Missouri 
River forms, or than any known examples of C. tropidophora, but this 
is believed to be only a variation due to conditions of environment, 
probably in this case a difference of saltness of the waters. 

No. 15. Bulinus disjunctus White.* 

This species was obtained from No. 5 of the Crow Creek section, and 
specimens were also obtained from the coal-bearing series of the upper 
part of the Laramie Group at the Almy coal-mines, near Evanston, 
' Wyo., that appear to belong to this species, but they have the spire 
somewhat shorter. 

No. 16. Bulinus subelongatus Meek & Hayden. 
This species was originally discovered by Dr. Hayden in the strata of 


the Judith River Group of the Upper Missouri River, and it was also - 


recognized among some collections made in that region by Professor 


*This species has not hitherto been described. It closely resembles L. elongatus 
Meek & Hayden, but the spire is more elevated, and consequently the body-volution 
is proportionally smaller. Besides this, the anterior half of the callus which forms the 
inner lip is not appressed against and adherent to the body, whereas the posterior half 
is, and as the whole of it is in other species of Bulinus, but it is deflected or disjoined 
so as to leave a kind of umbilical space between it and the body of the shell. This 
peculiarity is not accidental, as was at first supposed, but it was observed in all the 
specimens, young and old, of both the localities at which it Was obtained. 
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Cope in 1876. It is deseribed and figured in vol. ix of the United 
States Geological Survey of the Territories. Only a few fragments, 
which I refer to this species, were found at the Crow Creek locality, 
and only in No. 5 of that section. More perfect examples were found . 
‘in the coal-bearing series constituting the upper part of the Laramie 
Group, near Evanston, Wyo., which I refer to this species. 

No. 17. Physa felix White. 

Only two imperfect examples of this species were anywhere discovered, 
and these only in bed No. 5 of the Crow Creek section. It seems to be 
a true Physa, yet the remarkable inflation of the body velution and a 
peculiarity of its surface ornamentation suggest probably subgeneric 
differences. See Bull. U.S. Geol. & Geog. Surv. Terr., Vol. IV, p. 714. 

No. 18. Goniobasis gracilienta Meek & Hayden. 

Dr. Hayden also discovered this species in the Judith River beds; 
and it is figured and described in vol. ix of the United States Geological 
Survey of the Territories. A goodly number of examples were found 
in bed No. 5 of the Crow Creek section, which seem in all respects to 
possess the typical characteristics of the species. Black Buttes Station, 
Wyo., is the only other locality at which the species has been recognized, 
where it is found. in strata of the upper portion of the Laramie Group, 
but all the examples found there are more slender than the types. 


No. 19. Goniobasis nebrascensis Meek & Hayden. 

This species was among the large collections made many years ago by 
Dr. Hayden, from the Fort Union Group of the Upper Missouri River 
region. It is described and figured in vol. ix of the United States Geo- 
logical Survey of the Territories. Both this species and G. tenwicarinata 
of the same author, associated together as they are where they were 
originally discovered, were obtained by one of the parties under Lieuten- 
ant Wheeler’s direction at Wales, Utah, and are described and figured in 
White’s Report, vol. ix, Part I, ixploration and Survey West of the One 
Hundredth Meridian. G. nebrascensis was also recognized among some 

‘fossils collected by Prof. J. W. Powell from strata exposed in the Cation 
of Desolation, of Green River, in Utah; and the same species only 
was found at the Crow Creek locality, and only in No. 5 of that section. 
It is possible that G. tenwicarinata is only a variety of G. nebrascensis, as 
has been suggested by Mr. Meek; but if so it is an interesting fact that 
the variation should be so precisely the same at the two very distant 
localities where the two forms are so intimately associated, while the 
characteristics that distinguish the last-named form are constant at all 
the localities where it has been found. 


No. 20. Melania wyomingensis Meek. 

Mr. Meek first discovered some imperfect examples of this fine shell in 
the strata of the upper part of the Laramie Group, near Black Buttes 
Station, Wyo., from which he described the species in the Annual 
Report of the United States Geological Survey of the Territories, for 
1872, p. 516. In Professor Powell’s Report of the Geology of the Uinta 
Mountains, published in 1876, on page 131, I unwittingly described the 
Same species under the name of J. larunda, from some large and beau- 
tifully preserved specimens that were obtained by Mr. W. Cleburn from 
the valley of Crow Creek some three years previously. Upon my own 
examination of that region in 1877, I collected a number of specimens 
of the same species from the same locality. I got fragments of it also 
from the valley of Bijou Creek; besides which Mz. George L. Taylor, of 
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Denver, gave me a fine specimen that he informed me came from Horse 
Tail Creek, a tributary of South Platte River, some seventy-five miles 
eastward from Greeley, Colo. Besides these specimens from strata east 
ot the mountains, I collected others from the original locality in the Bit- 
ter Creek series at Black Buttes Station; at two or three localities in 
Yampa River Valley ; and at one locality in White River Valley. <A care- 
ful comparison of all these specimens, collected at the localities justnamed, 
on both sides of the Rocky Mountains, shows I. wyomingensis Meek and 
M. larunda White to be one and the same species. It must therefore 
take the name originally given it by Meek, which is here adopted. 

At the Crow Creek locality it was found in bed No. 5 associated with 
purely fresh-water forms, but more plentifully in bed No. 3, where it was 
found associated with Corbula, Corbicula, &c., but no species were found. 
in that bed thatare regarded as purely fresh-water forms. It was found 
at all the localities named west of the mountains, with similar associates, 
by which I infer that this species was capable of living in waters that 
were at least in some degree saline. 


No. 21. Viviparus prudentia White. 


This species has been found only at the Crow Creek locality, and only 
in bed No. 5 of that section. It is an unusually short species, and in 
general aspect it recalls the living species, V. intertexta Say. It is de- 
scribed in the bulletin of the United States Geological and Geographical 

Survey of the Territories, vol. iv, p. 716. 
No. 22. Tulotoma thompsont White. 

No other species of this genus has yet been discovered in American 
strata, and only one living North American species is known. Its claims 
to be regarded as a distinet genus from Viviparus will be discussed else- 
where. T. thompsoni was first discovered by me in the upper strata of 
the Bitter Creek series of the Laramie Group, at Black Buttes Station, 
Wyoming, and described in Powell’s Report on the Geology of the Uinta 
Mountains, p.134. It was then found to oecupy a thin layer immediately 
above one that at the same locality is crowded with Corbicula, but the 
Tulotoma apparently had no other than purely fresh-water associates. ° 
At the Crow Creek locality it was found only in No. 5 of the section there, 
its associates being purely fresh-water forms, except Volsella (Brachy- 
dontes) regularis, which oceurs in that bed as already mentioned, but 
perhaps accidentally. 

It has hitherto been discovered at only these two localities, one on 
each side of the Rocky Mountains, but this fact shows that it was a 
widely distributed species, and it is found in large numbers at both 
localities. The identity of the species at these two distant localities is 
unmistakable, but there appears to be a greater variation among the 
examples from the Crow Creek locality than among those obtained at 
Black Buttes Station, but the latter are mostly very imperfect. One of 
the variations observable among the examples obtained in the valley of 
Crow Creek is a tendency of the nodes to become obsolete, even upon 
the last volution. The aspect of those examples in which the obsoles- 
cence of the nodes is greatest is closely like that of the typical forms of 
Viviparus trochiformis Meek & Hayden, thus suggesting the possible 
passage of a molluscan species from one recognizéd generic form to 
another without any clearly definable change of specific characters. * 


* Dr. M. Neumayr, of Vienna, has shown a similar gradation to exist between cer- 
tain Miocene Tertiary forms from Sclavonia which American conchologists would not 
hesitate to refer respectively to Viviparus and Tulotoma, but all of which he refers to 
the former genus. The paleontologist is of course confined to the study of the shell 
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No. 23. Campeloma multistriata Meek & Hayden. 


4 
- This somewhat variable species was originally discovered by Dr. Hay- 
den in the strata of the Fort Union Group at Fort Clark, Dakota, and is 
described and figured in vol. ix of the United States Geological Survey 
of the Territories. It was found in great numbers also by Mr. J. A. 
Allen over a large. area of the Upper Missouri River region, or, more 
‘properly speaking, in the region drained by the Yellowstone. Most of 
his specimens are larger than either the type-specimens or any of those 
that were found at the Crow Creek locality. They were also distin- 
guished by a greater prominence and angularity of the shoulder at the 
‘distal side of the volutions, which, to a greater or less extent, charac- 
terizes the species, but no doubt is entertained of their specific identity. 
The examples found at the Crow Creek locality are closely like the typ- 
ical examples, and were obtained only from No. 5 of the section there, 
its associates being fresh-water forms. No unmistakable examples of 
this species have been discovered at any locality west of the Rocky 
Mountains, but some imperfect examples of a closely related, if not 
identical, species were found in strata of the upper portion of the Bitter 
Creek series at Pomt of Rocks and Black Buttes stations, in Wyoming. 
‘The fragment of Campeloma found in bed No. 6 of the Crow Creek sec- 
tion perhaps belongs to this species, but it was too imperfect for specific 
determination. 


No. 24. Corydalites fecundum Scudder. 


The above name was given by Mr. Seudder, in the Bulletin of the 
United States Geological and Geographical Survey of the Territories, 
vol. iv, p. 537, to an insect that laid some remarkable egg-masses, which 
I discovered associated with a part of the foregomg mollusks in bed 
No. 5 of the Crow Creek section. No trace of them was found in any 
other member of the section, nor at any other locality. These egg- 
masses were found promiscuously intermixed with the shells of branchi- 
ferous and pulmonate mollusks, and had evidently been drifted more or 
less from the place of their original oviposition, as had at least a part 
of the shells with which they were associated. 

Conclusions that in their application pertain alike to all the localities 
from the strata of which I have made collections of fossils will be re- 
served for the discussions closing this report, but those observations 
that were found to be more or less peculiar to separate localities may 
properly be briefly discussed in more immediate connection with their 
statement. I may thus especially note here the local and apparently 
limited development of that member of the Crow Creek section of strata 
which contains a purely fresh-water fauna. It is true the full extent of 
that bed is not even approximately actually known, but the locality 
where it was discovered and examined is apparently its northern border, 
and no trace of it was discovered at any other locality east of the Rocky 
Mountains in Colorado. The evidence that its northern border exists at 
thel ocality mentioned consists in the fact that the bed No. 5is exposed at 
only one point, although the whole series of strata which are exposed in 


alone, but it is proper to state that Haldeman’s genus Tulotoma was founded upon the 
shell only, the soft parts, so far as I am aware, having never been described. The only 
known living American species of Tulotoma, T. magnifica, Haldeman’s type, is a very 
variable shell, especially as regards its nodes and carine, and it may well be ques- 
tioned whether any conchologist would have ventured to separate the smoother forms 
from Viviparus if they alone had been known. It is proper to state, however, that the 
shell of 7. magnifica is more massive than that of any known living species of Vivipa- 
rus; but, on the other hand, the shell of the fossil species, T. Thompsoni, is not thicker 
than that of Viviparus generally is, except where it is thickened by the nodes. 
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the valley for a distance of five or six miles, and which constitute the 
Crow Creek section, is frequently cut from top to base by gullies leading 
directly across the exposures into the creek, and bed No. 5 is nowhere else 
recognized, although the beds which immediately underlie and overlie it 
respectively are at those other points clearly distinguishable and in con- 
tact. The prevalence of one and the same species of Ostrea, both above 
and beneath the fresh-water bed, also suggests the limited extent of that 
fresh-water deposit and the unbroken continuity of sedimentary deposi- 
sition in at least partially saline waters at no great distance away from 
the limited area in which the fresh-water deposit was made. Although 
the border of this bed is thus recognized at the Crow Creek locality, it 
does not seem to possess the characteristics of a true littoral deposit, 
such as.water-worn pebbles, marks of wave action, &e. The presence 
in it of the insect e&g-masses, palustral shells, and fragments of wood 
and deciduous leaves, however, seem to indicate that a shore-line was not 
far distant. 

A marked peculiarity of the fauna of the Crow Creek locality is 
the great prevalence of Corbicula, including both the typical forms of 
the genus and those of the subgenus Leptesthes. The recognized species 
are six in all, and some of them appear to be intermediate in character 
between the typical forms and those of the subgenus Leptesthes, and one 
of them approaches the form to which Mr. Meek has given the subgenerie 
designation of Veloritina. hy ties 

- Other important observations were made in relation to the Laramie 
Group and its fossils in the valley of Bijou Creek, and elsewhere east of 
the Rocky Mountains, but the plan adopted for my report is to make the 
record of my observations in the order of my line of travel. Therefore 
the Cretaceous rocks of the valley of the Cache 4 la Poudre and other 
localities will now be discussed, and the consideration of the Laramie 
Group and its fossils will be resumed on following pages. ~ 

Returning from the valley of Crow Creek to the Cache a la Poudre, I 
passed up the south side of its valley, by way of Greeley, to a point 
about five miles westward from the town. Here, and also at intervals 
within a distance of six or seven mile8S farther westward, I found the 
upper series of Cretaceous strata exposed. From these exposures I 
collected quite a number of species of invertebrate fossils, some of which 
respectively characterize the different divisions of the Cretaceous series 
that have been recognized in the Upper Missouri River region, from and 
including the Fort Pierre Group upward. Those obtained in the valley 
of the Cache 4 la Poudre within the limits just named were collected 
mainly at, and in the vicinity of, the farms of Frank Mareks and Aaron 
Haton, respectively. 

The dip of the strata in this region is gently to the eastward, but as 
it is a little greater than the coincident slope of the stream, one comes 
upon lower and lower strata as he passes westward up the valley. The 
broad lower lands of the valley are covered with alluvium, and the 
higher surfaces with the usual prevailing débris of the plains, so that 
the exposures of strata, even in the valley side, are very few, and the 
thickness exposed at any one locality is very small. Much the most 
important exposure, as regards extent and thickness of strata, that I 
observed in this valley, was found at and in the vicinity of Mr. Eaton’s 
farm, where it forms a precipitous bluff near the river, and shows a 
thickness of strata amounting to about 100 feet. The fossiliferous layers 
of this exposure are few and limited, but traces, at least, of fossils oceur 
throughout the whole thickness. No continuous measurements of the 
strata exposed in the valley side within the distance named could be 
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made, and consequently the aggregate thickness of them is not known. 
_ This thickness, however, is estimated to be about 250 feet between 

_ Marel’s farm and a point about four miles above Eaton’s farm. 

' At the exposures here referred to the following list of fossils was col- 
lected, all belonging to the extreme upper portion of the Cretaceous 
series beneath the Laramie Group. <A part of them also characterize 
the highest known Cretaceous strata beneath the Judith River Group 
in the Upper Missouri River region, as shown by Meek and Hayden, 
but the relations of those fossils in this respect will be discussed in con- 
nection with those collected at Fossil Creek, Little Thompson Creek, 
the mouth of the Saint Vrains, &c., because the strata exposed at these 
localities all belong to one natural group. 


LIST OF THE FOSSILS COLLECTED FROM CRETACEOUS STRATA IN THE 
VALLEY OF THE CACHE A LA POUDRE, FROM FIVE TO TWELVE 
MILES WEST OF GREELEY, COLORADO. 


1. Fragments of fossil wood. 

2. Pteria (Oxytoma) nebrascana Evans & Shumard. 

3. Nucula cancellata Meek & Hayden. 

4. Nucula planimarginata Meek & Hayden. 

5. Taneredia americana Meek & Hayden. 

6. Veniella humilis Meek & Hayden. 

7. Cardium speciosum Meek & Hayden. 

8. Tellina scitula Meek & Hayden. 

9. Mactra (Cymbophora) formosa Meek & Hayden. 
10. Mactra (Cymbophora) alta Meek & Hayden. 
11. Dentalium gracile Hall & Meek. 
12. Cylichna scitula Meek & Hayden. 
13. Ianatia moreauensis Meek & Hayden. 
14. Anchura, 
15. Fasciolaria (Piestocheilus) culbertsonti Meek & Hayden. 
16. Placenticeras lenticulare Owen sp. 


Leaving the valley of the Cache 4 la Poudre at a point about four 
miles west of Aaron Eaton’s farm, I went more directly westward toward 
the mountains. Search was made in this region for the line of junction, 
or plane of demarkation between these Upper Cretaceous strata and the 
base of the Laramie Group. In consequence of the great prevalence of 
the débris of the plains, which has already been referred to, I was not 
successful in this search, although it is quite evident that the lower strata 
of the Laramie Group occupy the upper part of the slope of the valley 
side, as well as the higher lands of the region on both sides of the valley. 
Higley’s coal-mine, which has been already mentioned, is opened in 
Lar: amie strata in the upper part of the long, low, sloping, opposite 
valley-side, and its position is thus shown to be not far above these Cre- 
taceous strata, and consequently near the base of the Laramie Group. 
But this subject will be taken up again on a subsequent page. 

_ Proceeding westward after leaving the valley of the Cache a la Poudre, 
I found no exposures of rock until I reached Fossil Creek, about two 
iniles east of the base of the foot-hills of the Rocky Mountains. Along 
a ridge having the local name of “ Fossil Ridge,” which runs southward 
from this creek three or four miles parallel with the foot-hills, there are 
considerable exposures of coarse sandstones containing fossils. that 
characterize the upper series of Cretaceous strata, known in the Upper 
Missouri River region as the Fox Hills and Fort Pierre Groups. From 
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Fossil Ridge I passed up to Spring Cafion, and thence through a portion 
of it among the foot-hills. Some minor hills that lie immediately adja- 
cent to the foot-hills proper are formed of the hardened shales and 
calcareous layers of the lower portion of the Colorado Group; but 
the principal foot-hills are mostly in the form of hogbacks that were 
produced by the upturning of the strata of the Dakota Group and the 
Red Beds. 

_ I prosecuted a labored but unsuccessful search for fossils in the strata 
of these hogbacks, as I did, also, in those of Box Elder Canon, which is 
a similar gorge, through these same strata, similarly upturned. From 
their stratigraphical characteristics and relative position the Red Beds 
were easily recognized as those that have been generally regarded as of 
Triassic age, and the strata of the Dakota Group were just as readily 
identified, although no fossils were discovered. here is also a series of 
strata between these two groups, which, being softer than the others, 
has yielded more to disintegration. These were recognized and described 
by the late Mr. Marvine, in his report, as Jurassic strata. In this he 
was probably correct, but so far as I am aware no invertebrate fossils * 
of any kind have been found in these strata or.in their equivalents east 
of the Rocky Mountains in Colorado, except a shell found by Mr. Lakes 
and noticed in connection with fossils found in the vicinity of Golden 

City, on a following page. 

Returning to Fossil Ridge I made considerable collections of fossils 
there, a part of the species being very abundant. They were obtained 
mainly from ‘ cannon-ball” coneretions, some of which are very large 
and which were weathered out of softer layers of sandstone. It has 
already been mentioned that a part of these fossils are of the same spe- 
cies that characterize the Fort Pierre Group of the Upper Missouri River 
region. It is a well-known fact that several species of fossils are com- 
mon alike to both the Fort Pierre and Fox Hills Groups, even in the 
region just mentioned, and this is so especially the case in Colorado 
that no attempt is made to separate them, and I have in my report 
of last year ranged the equivalents of both groups under the single 
name of Fox Hills Group, and shall do so in this report. It is neverthe- 
less true that a greater proportion of the species found in the lower part of 
the Fox Hills Group, as thus recognized in Colorado, are idéntical with 
these of the Fort Pierre Group than with those of the Fox Hills Group, 
as those two groups are recognized in the Upper Missouri River region. 
This fact is apparent in the strata exposed in Fossil Ridge, as is shown 
in the following list of fossils: 

Not only this fact, but also the known dip to the eastward, which 
brings up lower and lower strata toward the foot-hills, indicates that 
those at Fossil Ridge belong to a lower horizon than those which I 
examined in the valley of the Cache a la Poudre. 


176 REPORT UNITED STATES GEQLOGICAL SURVEY. 


LIST OF CRETACEOUS FOSSILS COLLECTED AT FOSSIL RIDGE, THREE 
MILES SOUTHEASTWARD FROM SPRING CANON, AND ABOUT SIX 
MILES SOUTH OF FORT COLLINS, COLORADO. 


1. Ostrea patina Meek & Hayden ? 
2. Pinna lakest White. 
3. Pieria linguiformis Kyvans & Shumard. 


*Some remarkable Dinosaurian remains have been obtained from the upper strata 
of this group at the town of Morrison, on Bear Creek, Colorado. See address of Prof. 
O. C. Marsh, Proc. Am. Assoc. Adv. Sci. vol. xxvi, pp. 22 et seg. See also further 
remarks on a following page. 


FOSSILS OF LITTLE THOMPSON CREEK. we 


4. Inoceramus oblongus Meek. 


5. Inoceramus vanuxemi Meek & Hayden. 

6. Cardium speciosum Meek & Hayden. 

7. Callista deweyi Meek & Hayden. 

8. Mactra (Cymbophora) warrenana Meek & Hayden. 
9. Glybemeris berthoudi White. 

10. Anchura haydeni White. 

11. Baculites ovatus Say. 

12. Scaphites nodosus Owen. 

13. Placenticeras placenta var. De Kay sp. 

The different species composing this list will be discussed on following 
pages, in connection with those of other lists obtained from other local- 
ities in this district. 

The junction between the Fox Hills strata at or in the vicinity of 


- Fossil Ridge, and the Colorado Group beneath them, was found to be 


everywhere covered by the débris of the plains, but 1t is probably not 
more than one or two hundred feet beneath the lowest strata exposed 
at that locality, as all the strata begin almost immediately to rise rap- 
idly to the foot-hills. I desired very much to know the aggregate thick- 
ness of the Fox Hills Group of this region from that junction to the 
highest strata of the series, at Marcks’s farm, but on account of the 
obscuration of a large part of the series, and the varying dip, I found 
myself unable to estimate it with any good degree of satisfaction. 
Proceeding southward from Fossil Creek to the valley of Thompson 


_ River, I examined its valley, without adding materially to the facts 


already enumerated. Ithen crossed southeastwardly to the Little Thomp- 
son Creek, in the south valley side of which I found some exposures of 
Cretaceous strata, the aggregate exposed thickness of whichis apparently 
not above 40 or 50 feet. Here I made the collections of the following 
list, which, it will be seen, corresponds more nearly with those obtained. 
in the valley of the Cache 4 la Poudre than with the Fossil Ridge col-. 
lection, a list of which has just been given. It differs somewhat, how-. 
ever, from the collection obtained from the upper layers as they are: 
found both at Marcks’s farm, on the Cache ala Poudre, and at the mouth 
of the Saint Vrains, which latter locality will presently be noticed. I 
therefore regard these strata in the valley of Little Thompson Creek as. 
holding a position intermediate between the strata of Fossil Ridge and 
those of the summit of the group as developed in this district. 


LIST OF FOSSILS COLLECTED IN THE VALLEY OF LITTLE THOMPSON 
CREEK. 


. Crenella elegantula Meek & Hayden. 

. Spheriola? obliqua Meek. 

. Spheriola ? endotrachys Meek. 

. Veniella humilis Meek & Hayden. 

. Cardium speciosum Meek & Hayden. 

. Protocardia rara Evans & Shumard sp. 

. Protocardia subquadrata Evans & Shumard sp. 
. Callista deweyi Meek & Hayden. 

. Tellina seitula Meek & Hayden. 

10. Thracia gracilis Meek & Hayden. 

11. Teredo ? borings in fossil wood. 

12. Lunatia 2 

13. Anchura americana Evans & Shumard sp. 
14. Pseudobuccinum nebrascense Meek & Hayden. 
WGEs 
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15. Placenticeras lentiodare Owen sp. 
16. Fish vertebre. 

From the valley of Little Thompson Creek I continued southeast- 
wardly to the valley of the Saint Vrains, meeting with no other expos- 
ures of strata until I reached that valley. Pr oceeding down. the valley 
upon its northern side I observed a few slight exposures of friable sand- 

stones in the valley side, and although I obtained no fossils from them 
I regard them as belonging to the Fox Hills Group. 

Reaching the confluence of the Saint Vrains with the South Platte 
River, I found considerable exposures of the uppermost strata of the 
Fox Hills Group. For the distance of a mile or more, these strata, hav- 
ing a visible thickness of about 60 feet, are exposed in the form of a 
more or less precipitous bluff with a talus of débris at its base. These 
strata are composed of soft, sandy, and partially argillaceous, bluish, and. 
grayish material below, capped with sandstones above, the layers of 
“which vary in condition from hard and somewhat massiveto soft and lam- 

‘inated. The principal or only layer containing invertebrate fossils was 
found near the top of the section, and only two or three feet in thick- 
ness. Some eight or ten feet above this, in softer sandstone layers, he 

- peculiar fucoid, Halymenites, was found in abundance. Above this i 

‘few feet of still softer sandy material that merges above into the debris 
-of the plains. 

As will be seen by the following lists of fossils collected here, these 
strata are without doubt exactly equivalent with the uppermost layers 
‘found in the valley of the Cache 4 la Poudre, and are doubtless the high- 
-est Fox Hills strata that exist in this region; they are also without 
‘doubt the highest marine Ceretaceous strata that are yet known in North 
_America.* Between the top of the section at the mouth of the Saint 
Vrains and the higher adjacent land surface there is sufficient thickness 
of material to make it evident that the lower strata of the Laramie Group 
exist there, but they were not recognized with certainty. However, for 
yeasons that I shall state farther on, I think it not improbable that the 
bed containing the Halymenites belongs to the Laramie Group. If so, 
‘there is no perceptible plane of demarl kation between the Fox Hills and 
Laramie Groups, at least at this point. 


“LIST OF FOSSILS COLLECTED AT THE MOUTH OF THE SAINT VRAINS 
RIVER, COLORADO. 


1. Halymenites major Lesquereux. 

2. Pteria Haydeni Hall & Meek. 

3. Nucula planimarginata Meek & Hayden. 

4, Tancredia americana Meek & Hayden. 

5. Cardium speciosum Meek & Hayden. 

6. Protocardia subquadrata Meek & Hayden. 

7. Tellina scitula Meek & Hayden. 

8. Tellina equilateralis Meek & Hayden. 

9. Mactra (Cymbophora) warrenana Meek & Hayden. 
10. Mactra (Cymbophora) alta Meek & Hayden. 
11. Pholadomya ? 

12. Pachymya herseyi White. 

13. Dentalium gracile Hall & Meek. 
14. Cylichna scitula Meek & Hayden. 
15. Actwon woostert White. 


*Whether the Laramie Group is of Cretaceous age or not will be briefly discussed 
‘on following pages. 
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16. Actwonina prosocheila White. 
17. Lanatia ——— ? 

18. Fasciolaria (Piestocheilus) culbertsoni Meek & Hayden. 
19. Ammonites ——— ? 
20. Placenticeras lenticulare Owen sp. 
21, Lamna ——— 
_ 22, Bones and scales of teliost fishes. 


The district which I have thus traversed, and which is embraced 
between the South Platte River on the east and the base of the Rocky 
Mountains on the west, and the Cache a la Poudre on the north and 
the Saint Vrains on the south, probably presents the best exemplifica- 
tion of the Cretaceous groups, more especially of the Fox Hills Group 
and its fauna, that is to be found east of the Rocky Mountains in Colo- 
rado. The strata with which I am now more immediately concerned are 
those to which I have in my report for last year applied the single 
name of Fox Hills Group,* and which are here, without doubt, both the 
stratigraphical and paleontological equivalent of all those in the Upper 
Missouri River region, to which both the names Fort Pierre Group and 
Fox Hills Group, Upper and Lower, have been applied. Those northern 
divisions are no doubt sufficiently characteristic there, but their recogni- 
tion as indicating seperate epochs of geological time is impracticable here. 
Therefore, in the following discussion of the species I shall consider as 
belonging to only one category all that have been separately enumerated 
as coming from the valley of the Cache a la Poudre, Fossil Ridge, the 
valley of Little Thompson Creek, and the mouth of the Saint Vrains 
River; but I shall discuss the subordinate horizons that are indicated 
by certain of the species, in connection with their separate consideration, 
in the following notes: 


NOTES ON THE FOSSILS OF THE FOX HILLS GROUP AS DEVELOPED 
IN COLORADO, EAST OF THE ROCKY MOUNTAINS. 


1. Halymenites major Lesquereux. 


The only localities east of the Rocky Mountains at which I obtained 
this fucoid is at the mouth of the Saint Vrains, and in the valley of 
Platte River some eighteen miles east of Greeley, but Dr. Hayden and 
others report it at several localities in that region, ‘and as holding a simi- 
lar stratigraphical position. Although I am much inclined to regard 
this as a Laramie fossil, I discuss it in connection with the Cretaceous 
fossils of this region as a matter of convenience. Its upward range west 
of the Rocky Mountains is to the very summit of the Laramie Group, 
where I have found it near Black Buttes Station, in the valley of Bitter 
Creek, Wyoming. Even here, however, it was in or beneath strata that 
contain brackish-water invertebrate fossils. So far as Iam aware, it has 
never been found in stata containing only fresh-water mollusks, but it 


’ 


*Mr. Clarence King, in his map of the Green River Basin, applied the name Col- 
orado Group to the equivalents of not only the Fort Benton and Niobrara Groups, but 
he included with them the equivalent of the Fort Pierre Group also, leaving the Fox 
Hills Group to stand alone, as Hayden and Meek did originally. There are excellent 
paleontological objections to such a division between the equivalents of Fort Pierre 
and Fox Hills Groups, but not between those of the Fort Pierre and Niobrara Groups. 

+All the invertebrate fossils of this list, unless otherwise stated, are figured in vol. 
ix of the United States Geological Survey of the Territories. This applies not only to - 
me Species originally described by Meek and Hayden, but to those of other authors 
also. 
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has been reported from the marine Cretaceous strata of the Fox Hills 
Group at several points west of the Rocky Mountains. Regarding it 
provisionally as a Laramie fossil of course implies the reference of the. 
stratum containing it east of the mountains to the Laramie Group, which 
Dr. Hayden has usually regarded as the lower stratum of the Lignitic 
series; but as the sedimentation was evidently continuous from the lower 
to the upper of these groups, he is understood to have selected that 
stratum as approximately upon the plane of demarcation between them. 
This fucoid is quite abundant at the Saint Vrains locality. 


2. Fossil wood. 


’ Fragments of fossilized exogenous wood are somewhat commonly met 
with in these Cretaceous strata, both in the form of comminuted carbon- 
ized material, and that of pieces of wood which, although mineralized, 
still retain much of the original texture and aspect. In the latter con- 
dition it is not unfrequently found to have been bored by a species of 
Teredo. 


3. Ostrea patina Meek & Hayden? 


A few scattered shells of an Ostrea were found among the other fos- 
sils at Fossil Ridge, which probably belong to this species, which was 
originally described from the Fort Pierre Group of the Upper Missouri 
River region. The species of this genus are too variable, and the speci- 
mens in question too few to allow of positive specific identification, 
besides which O. patina is an unusually variable species. 


4, Pieria haydeni Hall & Meek. 


Dr. Hayden originally discovered this species in the vicinity of Fort 
Pierre, on the Upper Missouri River, near the base of the Fort Pierre 
Group, and with the present exception, so far as I am aware, it has not 
been found elsewhere. A single valve only was found at the mouth of 
the Saint Vrains, but it seems to be identical with the species here 
named. The original description and figure given by Hall and Meek are 
copied in vol. ix of the United States Geological Survey. 


5. Pteria linguiformis Evans & Shumard. 


This is nowhere a very abundant species, but it is one of the most 
widely distributed of those which characterize the Cretaceous strata of 
the West. It occurs on both sides of the Rocky Mountains, but I ob- 
tained it myself only at Fossil Ridge, in the district under discussion. | 
It is also known to range through both the Fort Pierre and Fox Hills 
Groups of the Upper Missouri River region, where it was first discovered. 
This species is very like the Avicula nitida of Forbes, from the Creta- 
ceous rocks of Southern India; but it is not my purpose in this connec- 
tion to discuss questions of identity of these species, except so far as 
relates to the equivalency of the strata in which I found them with other 
Cretaceous strata of North America. 


6. Pteria (Oxytoma) nebrascana Evans & Shumard. 


This is also a widely-distributed and often abundant species, being 
found in both the Fort Pierre and Fox Hills Groups of the Upper Mis- 
souri River region, and also having been discovered far up in British 
America. It was found abundantly, but not very well preserved, in a 
thin, soft, sandy, and clayey layer near Frank Marck’s farm, five miles 
west of Greeley. 
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. 7. Pinna lakesi White.* 
_ This species has been found only at Fossil Ridge, and being new, it has 
little value for comparison in this discussion. 


8. Inoceramus oblongus Meek. 


This is one of the largest and most robust species of the Catillus section 
of the genus Jnoceramus that is yet known in American strata. Meek’s 
original specimens were obtained from the vicinity of Fossil Ridge, and, 
so far as lam aware, it has not been certainly identified in any other 
district, except the vicinity of Morrison, Colo., where Mr. A. Lakes ob- 
tained some imperfect specimens apparently belonging to this species. 
It is very abundant and generally very large at Fossil Ridge, some of 
the shells being nearly a foot in length and fully four inches in transverse 
diameter. The shell substance is comparatively thin, although thé shells. 
are so large. Most of the specimens were found with both shells in jux- 
taposition, as were also those of most of the other associated bivalves, 
_ probably indicating that the waters in which they lived and died were 
comparatively still. It is probable, however, that these Inocerami died 
in the sand into which they had burrowed, and which now forms their 
stony sepulchre. The original description of this species is in the form 
of a brief foot-note to page 297 of the Annual Report of the United States 
Geological Survey of the Territories for 1870. It is also described and 
figured in another part of this report. 


9. Inoceramus vanuxemi Meek & Hayden. 


Dr. Hayden originally discovered this spezies at the Great Bend of 
the Upper Missouri River, and it seems not to be a. common species. I 
found it only at Fossil Ridge, the specimens being apparently identical 
with authentic examples of the species from the Upper Missouri River 
region. This species is not improbably the same as J. sagensis Owen, 
but I defer the discussion of that question until a futire occasion. 


10. Orenella elegantula Meek & Hayden. 


The original specimens of this species, also, were collected by Dr. Hay- 
den. He obtained them from the valleys of both the North Platte and 
Yellowstone Rivers, and, so far as I am aware, the species has not been 
elsewhere found until I obtained it in the valley of Little Thompson Creek, 
where alone I have found it. Its position there is near the top of the Fox 
Hills Group as developed east of the Rocky Mountains in Colorado, but 
in the original localities it was found in both the Fort Pierre and Fox 
Hills Groups as they are recognized in the Upper Missouri River region. 


11. Nucula cancellata Meek & Hayden. 


This is a widely distributed species, having been collected at various 
localities in Dakota, Wyoming, Montana, and Idaho Territories. I 
found some imperfect examples of it in the valley of the Cache a la 
Poudre, and Capt. E. L. Berthoud has sent examples to the office of the 
Survey from near Golden City, Colo. At both the latter localities it 
was found in the upper strata of the Fox Hills Group, but Dr. Hayden 
found it in the valley of the Yellowstone to range as low as the upper 
part of the Fort Pierre Group. 


* This species is named in honor of Mr. Arthur Lakes, of Golden, Colo., and has not 
hitherto been described. It is sometimes near a foot long, slender, sides not angular 
along the middle nor very convex; dorsal border longer than the base; posterior bor- 
der convex, and sloping from about the middle far forward and meeting the base with- 
out an angle. Surface marked with slender, slightly-raised, radiating ribs, extending 
from front to rear and covering both valves above and in part below the median line. 
The ribs are nearly of uniform size throughout, except near the beak, but are wider 
apart behind than in front. 
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12. Nucula planimarginata Meek & Hayden. 


The localities east of the Rocky Mountains in Colorado at which this 
species has been found are the valley of the Cache 4 la Poudre, the 
mouth of the Saint Vrains, and near Golden City, at all of which places 
it seems to hold a position near the top of the Fox Hills Group. Iam 
not aware that it has anywhere been found at a lower horizon, it having 
been found only in the Fox Hills Group of the Upper Missouri River 
region. j ; 

13. Spheriola? obliqua Meek. 


The original description of this species is in the Bulletin of the United 
States Geological and Geographical Survey of the Territories, 2d series, 
No. 1, p. 46, but it has never yet been figured. I found it only in the 
‘valley of the Little Thompson. These and the type specimens are the 
only representatives of the species yet discovered. The latter were found 
pe eighteen or twenty miles southwestward from the locality of the 

ormer. 


14. Spheriola? endotrachys Meek. 


The type-specimens of this species were obtained from “‘ ninety miles 
below Fort Benton on the Missouri, from Cretaceous beds holding a 
position in the very upper part of the Fox Hills Group.” I found it in 
a similar position, associated with the foregoing species, in the valley of 
Little Thompson Creek. It has never been reported as occurring else- 
where. One of my examples especially shows a still greater degree of 
roughness of the inner surface than is represented by Meek’s figures. 


15. Tancredia americana Meek & Hayden. 


The first known specimens of this species were obtained “ from a Cre- 
taceous bed holding a position in the very upper beds of the Fox Hills 
Group at the mouth of Judith River on the Upper Missouri.” I obtained 
it in the valley of the Cache 4 la Poudre, and at the mouth of the Saint 
Vrains, where it holds a similar position. Iam not aware that it has 
ever been found at a lower horizon, and it may therefore be regarded 
as one of the species which characterize the very highest strata of undis- 
puted Cretaceous age in North America. 


18. Tancredia? colionotus White. 

One of the types of this species, which is described and figured in 
another part of this report, was recognized in a collection sent to the 
Survey by Mr. J. C. Hersey from “the Cache a la Poudre, ten miles 
west of Greeley, Colo”. Only two examples of it have been discovered, 
the exact locality of the other not being accurately known. 


17. Veniella humilis Meek & Hayden. 


Dr. Hayden first discovered this species in the Fox Hills Group, on a 
branch of Cheyenne River, near the Black Hills. I obtained a goodly 
number of specimens of it, well preserved, in the valleys of the Cache a 
la Poudre and Little Thompson Creek. At both these localities it 
seems to hold a position above the middle of the Fox Hills Group, as 
it is developed east of the Rocky Mountains in Colorado. So far as I 
am aware, it has never been found west of the Rocky Mountains. 


18. Cardiwm speciosum Meek & Hayden. 
This seems to be a widely distributed species, and to characterize the 
uppermost layers of the undisputed Cretaceous rocks of the West, where 
alone it has been found in the Upper Missouri River region. The lowest 
horizon at which it is known to have been found is that of the strata at 
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Fossil Ridge, where I discovered it; which strata, although not sepa- 
- rable from the Fox Hills Group in Colorado, are no doubt equivalent 
with those of the Fort Pierre Group in the Upper Missouri River region. 
I obtained it in considerable numbers from the higher strata of the Fox 
Hills Group at the mouth of the Saint Vrains and in the valleys of the 
Cache 4 la Poudre and Little Thompson Creek. Some well preserved 
pieces of the test of this species obtained at Fossil Ridge show that 
_. what appear to be nodes between the ribs in certain specimens are in 
the unchanged shell really holes through its substance. The pieces 
referred to were found to break along the line of these holes, just as post- 
age-stamps separate along the lines of holes made for that purpose. In 
other examples from the valley of the Cache 4 la Poudre I found the 
appearance of nodes in the place of the holes, just as described by Mr. 
Meek; but careful examination showed that the supposed nodes consist 
‘of the stony filling of the holes in the test, which, being harder, had 
withstood subsequent weathering better than the test itself. It is pos- 
sible, howéver, that the outer end of these holes was covered with a 
shelly layer; but it must have been only a film at most, for I could dis- 
cover nothing of the kind in the narrow grooves between the ribs of the 
specimens referred to, which seemed to be perfectly preserved. 


ae 


19. Protocardia subquadrata Evans & Shumard sp. 

Dr. Evans first discovered this species in the Fox Hills Group of the 
Upper Missouri River region. I obtained it in the valley of the Little 
Thompson; and I have also recognized it in some collec¥ons made by 
Mr. W. H. Holmes at the mouth of the Saint Vrains. It seems never 
to have been discovered in the Fort Pierre Group of the Upper Mis- 
souri. 

20. Protocardia rara Evans & Shumard. 
Associated with the foregoing in the valley of the Little Thompson, I 


found some small shells that seem to belong to this species, but their 
identification was not quite satisfactory. 


21. Callista deweyi Meek & Hayden. 

A few imperfect examples, found both at Fossil Ridge and in the val- 
ley of Little Thompson Creek, evidently belong to the Dosinopsis section 
of this genus. They are too imperfect for certain specific determination, 
but the character of the internal cast and what remains of the shell in- 
dicates a proper reference to C. deweyt. 


22. Tellina scitula Meek & Hayden. } 

This is a very common and widely distributed Cretaceous species, being 
found on both sides of the Rocky Mountains. It seems, however, to be 
confined everywhere to the strata of the Fox Hills Group. . In this dis- 
trict I obtained it only from the upper strata of that group, and only at 
Aa mouth of the Saint Vrains and in the valley of the Cache a la Pou- 

re. 

23. Tellina equilateralis Meek & Hayden. 

A single valve of a species, apparently the 7. equilateralis of Meck and. 
Hayden, was found at the mouth of the Saint Vrains. The original ex-- 
amples were found in the uppermost of the ox Hills layers at the mouth: 
of Judith River on the Upper Missouri. Meek referred the species to» 
Lellina trom external characters only, and there are reasons for believ~ 
ing that it does not properly belong to that genus. 
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24. Mactra (Cymbophora) warrenana Meek & Hayden. 
This species was found in the upper strata of the Fox Hills Group, both 


at the mouth of the Saint Vrains and near Aaron Eaton’s farm in the. 


valley of the Cache a la Poudre; also, at Fossil Ridge, the strata of 
which are near the base of the group. The examples from both the Jat- 
ter and the first-named localities are referred to this species without 
hesitation, but those of the second-named locality appear to agree more 
nearly with the description of MM. (C.) formosa Meek & Hayden. How- 
ever, I regard the difference between these two forms as varietal only. 
The range of the species is through the whole of the Fox Hills Group as 
developed in Colorado east of the Rocky Mountains, but it seems never 
to have been found in the Fort Pierre division in the Upper Missouri 
River region. ; 
25. Pholadomya? 


A single fragment, evidently belonging to this genus, was found at the 
mouth of the Saint Vrains. It is plainly different from P. sebventricosa 
Meek & Hayden, which has been found only in strata holding a similar 
‘Stratigraphical position at the mouth of Judith River. It is probably 
new, but the specimen is too imperfect for characterization. 


26. Glycimeris berthoudi White. 

This fine species has been found only at Fossil Ridge, in strata near 
the base of the Fox Hills Group. It is figured and described in another 
part of this volume. 

27. Pachymya? herseyt White. 

This species is figured and described in another part of this volume. 
It was found by myself only in the upper part of the Fox Hills Group as 
developed in this district, and only at the mouth of the Saint Vrains 
and in the valley of the Cache a la Poudre; but Mr. A. Lakes has 
obtained it from a similarly high horizon in the valley of Bear Creek, 
near Morrison, Colo. It is figur ed and described in another part of this 
volume. 


28. Teredo? 


In a tragment of fossil wood obtained among the other fossils at Little 
Thompson Creek I detected borings, evidently of Teredo, or an allied 
form, but they were too impertect for specific determination. 


29. Dentalium gracile Hall & Meek. 


Our examples were found in considerable numbers in the uppermost 
strata of the Fox Hills Group at the mouth of the Saint Vrains and in 
the valley of the Cache a4 la Poudre. They were found only in the form 
-of casts, which, not showing the surface characters very clearly, leave a 
little doubt whether they may not really belong to another species, but 
‘they seem to be identical with D. gracile. The type Specimens were 
‘obtained from the upper beds of the es Pierre Group in the Upper 
Missouri River region. 


-30. Cylichna scitula Meek & Hayden. 


The type-specimens of this species were obtained from the Fox Hills 
‘Group on the Moreau River, a tributary of the Upper Missouri. It 
seems not to be a common species, as it has not been reported from any 
-other locality until it was found in the district here discussed. I found 

“it only in the uppermost strata of the Fox Hills Group, and only at the 
“mouth of the Saint Vrams and in the valley of the Cache 4 la Poudre. 


- 


. 


i 
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31. Acton woosteri White. 

In the district here discussed this species was found only at the mouth 
of the Saint Vrains. A couple of examples found by Mr. W. H. Holmes 
on the Rio San Juan, in Southern Colorado, seem to be specifically iden- 
tical with the Saint Vrains specimens. It is figured and described in 
another part of this volume. 


32. Actwonina prosocheila White. 

This species has been recognized nowhere except at the mouth of the 
Saimt Vrains, where the type specimens were discovered. It is figured 
and described in another part of this volume. 


33. Lnanatia subcrassa Meek & Hayden. 

In the uppermost strata of the Fox Hills Group, on the Cache a la 
Poudre, I found a number of specimens which evidently belonged to this 
species, the type specimens of which were obtained by Dr. Hayden from 
a similarly high position in the upper Fox Hills strata at the mouth of 
Judith River. Imperfect examples of a species of Lunatia were also 
found at the Little Thompson Creek and Saint Vrains localities, but they 
appear to belong to L. concinna Hall & Meek. 


34. Anchura haydeni White. 

This remarkably large and fine species has been found only at Fossil 
Ridge, and in strata that belong near the base of the Fox Hills Group, as 
it is developed and recognized east of the Rocky Mountains in Colorado. 
It is figured and described in another part of thisvolume. A calcareous 
substance was found almost entirely encrusting the spire of the typical 
example, which is apparently that of a Nullipora. At first I supposed 
it to be an encrusting callus formed by the moilusk itself, such as that 
of Calyptraphorus Conrad and Lispodesthes White; but careful examina- 
tion shows it to be parasitic, or at least not connected with the shell. 


39. Anchura americana Evans & Shumard. 

The types of this species were obtained from beds in the Upper Mis- 
souri River region, in which were found a mixture of the characteristic 
fossils of the Fox Hills and Fort Pierre Groups respectively. In the 
region here discussed I found the species only at the Little Thompson 
Creek locality. Some fragments, apparently belonging to this species, 
were found in the valley of the Cache ala Poudre, but they were too 
imperfect for satisfactory determination. 


36. Pseudobuccinum nebrascense Meek & Hayden. 

This species, originally discovered in the strata of the Fox Hills Group 
of the Upper Missouri River region, was found holding a similar position 
in the valley of Little Thompson Creek. It seems to be a rare species. 


37. Fasciolaria (Piestocheilus) culbertsoni Meek & Hayden. 

Imperfect specimens of a species of this genus were found at the mouth 
of the Saint Vrains, and also in the valley of the Cache 4 la Poudre. I 
have referred them to J’. (P.) culbertsoni, but their specific identification 
is not quite satisfactory, partly inconsequence of the imperfection of the 
specimens and partly owing to the difficulty I have encountered in recog- 
nizing, in the specimens I have examined, the specific differences relied 
upon by the authors quoted in separating their published species. 


38. Baculites ovatus Say. 
This widely distributed species was found at Fossil Ridge, but it has 
not been discovered in the upper strata of the Fox Hills Group in the 
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region under discussion, nor has it been found in the upper Fox Hills 

strata of the Upper Missouri River region. Its first appearance in the 
Cretaceous rocks of the West seems to be at the base of the Fort Pierre | 
Group, in the last-named region, and it apparently became extinct there 
before the close of the Fox Hills period. In the uppermost strata of the 
Fox Hills Group of that region it seems to be replaced by B. asper Mor- 
ton, or an allied species, but, as will be seen on a subsequent page, L 
found it associated with Cardiwm speciosum and Mactra alta in the upper 
Strata of the Fox Hills Group in the valley of White River, west of the 
Rocky Mountains. on 
39. Scaphites nodosus Owen. 


Some good examples of this species were obtained at Fossil Ridge, 
but it was found at no other locality in this district. In the Upper Mis- 
souri River region it seems to be confined to the Fort Pierre Group, and 
it also seems to hold a similarly low position here. 


40. Ammonites 
A fragment of an Ammonites was found at the Little Thompson Creek 

locality, which appears to ditter from any described species, but it is too 

impertect to base a satisfactory description upon. 


41. Placenticeras lenticulare Owen. 


This species was found in at least a recognizable condition at Fossil 
Ridge, at the mouth of the Saint Vrains, and in the valleys of the Cache 
a la Poudre and Little Thompson Creek. It seems to range through the 
whole lox Hills Group, including the Fort Pierre division. 


42. Fish remains. 


‘The only vertebrate remains discovered in the Cretaceous strata ofthis — 
district were those of fishes, and which are very rare. At the mouth of 
the Saint Vrains I found a single imperfect tooth; and in the same strata 
a few vertebre and fragments of other bone and a few scales of teliost 
fishes were discovered. 'l'wo or three similar vertebree were also found 
in the valley of Little Thompson Creek. 

The object of the foregoing lists of fossils and accompanying notes is 
the presentation of ready means for the comparison of the fauna of those 
Cretaceous strata of Hastern Colorado which I especially examined in 
the season of 1877, with that of the equivalent strata of the Upper Mis- 
souri River region, the grouping of which by Hayden and Meek has become 
typical in the paleontological history of the West. In the course of my 
field investigations east of the Rocky Mountains in Colorado I also ex- 
amined the Cretaceous strata of the Colorado and Dakota Groups; but 
as I only obtained a few fossils from them, and these being all quite 
different from any of those of the Fox Hills Group already enumerated 
in the foregoing lists, I defer a consideration of them to a subsequent 
page. Besides those Fox Hills fossils already enumerated, I also ob- 
tained others from near the towns of Golden and Morrison, Colo., but 
as they present no additional facts of general application in the follow- 
ing discussion, I shall consider them separately on a subsequent page, 
in relation to other facts of important but more restricted application. 

For the purpose of avoiding confusion in the minds of those who shall 
read this report,it may be well to repeat the statement already made in 
a foot-note, that the original grouping of the Cretaceous strata adopted 
by Hayden and Meek for the Upper Missouri River region, which is still 
regarded as entirely-appropriate there, has been so modified for Colorado 
and the Territories adjacent as to include the equivalent strata of both 
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the Fort Benton Group (Cretaceous No. 2) and the Niobrara Group 
(Cretaceous No. 3) in a single group, under the name of Colorado Group. 
Also the consolidation of the Fort Pierre Group (Cretaceous No. 4) and 
- the Fox Hills Group (Cretaceous No. 5) under the single name of Fox 
- Hills Group. It is in this sense that the latter name will be used in all 
_ references to the Cretaceous strata of Colorado and adjacent Territories ; 
- but for the Upper Missowi River region it will continue to be used in 
- the restricted sense applied to it by its authors. This consolidation will 
- reduce the Cretaceous groups as recognized in Colorado and Territories 
adjacent to three, the names of which are, in the ascending order, Da- 
kota, Colorado, and Fox Hills Groups. 

The Dakota Group (Cretaceous No. 1) is so constant in its lithological 
and paleontological characteristics over the great Western region as to 
separate it distinctly from all the others. No species of any kind, so 
far as I am aware, has been found to pass up from it into the Fort Ben- 
ton Group or equivalent strata. In Colorado and Territories adjacent, 
neither the lithological nor paleontological characteristics of the equiva- 
lents of the Fort Pierre and Tox Hills Groups, respectively, are such as 
to afford any satisfactory ground for a separation, such as has been 
made in the Upper Missouri River region; and even in that region a 
blending of the fossils of each has been frequently found. Precisely 
similar remarks may be made concerning the equivalents of the Niobrara 
and Fort Benton Groups. Between the equivalents of these two groups 
on the one hand and those of the Fort Pierre and Fox Hills Groups on 
the other there is, however, a well-marked paleontological difference ; 
in some places with a corresponding lithological change, but in other 
places with no change of the latter character to separate the two con- 
solidated groups. It is to this fact that are largely due the discrepancies 
between the surface limits assigned by different geologists to the Fox 
Hills and Colorado Groups respectively in Colorado and Territories ad- 
jacent, some of whom appear to have given little attention to the pale- 
ontological characteristics of the strata they examined or ignored their 
importance in the grouping of strata. With this statement and defini- 
tion of terms, I return to the consideration of the fossils of the foregoing 
lists. 

Of the forty-two species or entries embraced in the foregoing notes, 
fifteen are either at present unknown in Upper Missouri strata, or they 
are otherwise irrelevant in the comparison here proposed, between the 
fossils obtained from the consolidated Fox Hills Group east of the Rocky 
Mountains in Colorado, and those of the Fort Pierre and Fox Hills 
Groups together, of the Upper Missouri River region. Twenty-six spe- 
cies of that list were first described from either one or the other or both 
of those groups in that region. In that northern region eight of these 
species are common to both the Fox Hills and Fort Pierre Groups; 
five are confined, so far as known, to the Fort Pierre Group, eight to 
the Fox Hills Group, and five of them, not including any of the others, 
are there known only in the uppermost strata of the Fox Hills Group, 
a series which Mr. Meek was at one time disposed to separate as a sub- 
division of the Fox Hills Group proper, if not to make it a group coér- 
dinate with the others. 

The strata of Fossil Ridge are among the lowest of the series in ques- 
tion that found in Colorado east of the mountains, and they are no 
doubt equivalent with the Fort Pierre Group of the Upper Missouri, 
and yet they are plainly not separable from the Fox Hills Group in Col- 
orado. ‘The following is a statement of the relations of its list of thir- 
teen species of fossils, as given on a previous page, with those of the 
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Fox Hills and Fort Pierre Groups in the Upper Missouri River region: 
Four species are new and therefore irrelevant; five are common to both 
the Fort Pierre and Fox Hills Groups; one (Cardiwm speciosum) is known | 
only in the uppermost strata of the Fox Hills Group in that region, and, 
so far as known, only three are there confined to the Fort Pierre Group 
alone. 

Of those thirteen species found at Fossil Ridge, only four were dis- 
covered by myself in any of the higher Fox Hills strata of that district. 
This fact shows a very considerable difference between the fauna of the 
lower and that of the upper portions of the Fox Hills Group as it is de- 
veloped in Eastern Colorado; but the other facts cited show that the differ- 


. ence is not sufficient to warrant its separation into two distinct groups, 


as. has been done in the Upper Missouri River region. Furthermore, 
while certain species seem to be confined to the uppermost strata, both 
in Colorado and the Upper Missouri River region, these strata are so 
intimately connected with those beneath them, by other fossils, that 
range from one to the other, as to make any proper separation of them 
from the Fox Hills Group proper impracticable. In short while the lim- 
itation of the vertical range of certain species serves as an approximate 
indication of recognizable horizons within the vertical limits of the Fox 
Hills Group as developed in Kastern Colorado, the range of other species 
is such as to connect the whole together into one natural group only. 
Leaving the district between the South Platte and the base of the 
Rocky Mountains, which I found occupied by the strata of the Fox Hills 
Group, I crossed that river at Evans and passed down the south side of 
its valley to the mouth of Bijou Creek, one of its tributaries from the 
southward. Ata point about eighteen miles east of Greeley I found the 
uppermost strata of the Fox Hills Group in the south valley side of South 
Platte River, and from that point to about six miles farther eastward I 
continued to see small exposures of the same, most of which were ob- 
seure. I however recognized about 20 feet in thickness of strata, and 
the fossils, which were few and imperfect, were quite sufficient to indi- 
cate an exact equivalency of. the strata containing them with those of 
the upper part of the section at the mouth of the Saint Vrains.. Besides 
these few characteristic invertebrate fossils, I also found fragments of the 
fucoid Halymenites major in one of the upper layers. The known general 
dip of the strata of all that region makes it practically certain that the 
Cretaceous strata pass beneath the level of the streams along a northward 
and southward line, which may be drawn a couple of miles west of Gree- 
ley; that they receive a greater or less thickness of Laramie strata upon 
them beneath the débris of the plains. Then a gentle rise brings them 
up again to view in the valley of South Platte River, from eighteen to 
twenty-five miles east of Greeley, as already mentioned. They seem then 
to pass again by a gentle easterly dip beneath the surface of the river, 
but I did not trace them farther, as my journey led up the valley of 
Bijou Creek. It is probable, however, that the exposures of these upper-: 
most of the Fox Hills strata continue at the surface farther down the 
South Platte, in its immediate valley. Between Greeley and the point 
where these Cretaceous strata are exposed, the space is no doubt occu- 
pied by at least a small portion of the strata of the Laramie Group, 
which are covered with the débris of the plains, but I found no exposures 
of Laramie strata until I reached the valley of Bijou Creek, about twelve 
miles above its mouth. In the higher portions of the valley side of South 
Platte River, where I hoped in passing to have discovered exposures of 
Laramie strata, I found many sand dunes or accumulations of apparently 
wind-drifted sand, such as those that have been already mentioned as 
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existing upon the east valley side of Crow Creek, four or five miles above 
its mouth. I discovered similar dunes only in the neighborhood of South 
Platte River. 

The valley of Bijou Creek is merely a. broad, shallow depression in 
the surface of the plains, bordered by ill-defined valley sides from two to 
five miles apart, the elevation of which is, perhaps, 50 feet above the level 
of the creek. ‘The lower ten or twelve miles of the valley is apparently 

without any exposures of strata, but the district which it traverses is, 

doubtless, underlaid by a greater or less thickness of the Laramie Group, 
_ beneath the abundant débris of the plains. This opinion is based upon 
_ the known easterly general dip of all the strata of the region, the known 
existence of the uppermost layers of the Fox Hills Group in the valley 
of the South Platte, ten or twelve miles west of the mouth of the creek, 
and the existence of Laramie strata, presently to be described, in the 
west valley-side of the creek. These exposures of Laramie strata first 
appear opposite, and about four miles west of, the junction of Muddy 
Creek with the Bijou, and continue southward, at intervals, some three 
or four miles up the creek. The exposures are small and inconspicuous, 
but I made out satisfactorily the following section in the slope of the low 
hill or valley-side : 


‘ 


ee 


Bijou Creek section. 


Feet. 
PHM yasorl and debris ot the plains ss 2003s Jscecteew od ve csctrse cdc sceebboceccsees 20 
Ordinary licht-brown) sandstone. -\.5.. 222.20 seen ease eewaenes oe Sh eh, = ADRS 5 
ES SUE a Oe ay See ees Pee Oe, eee ee eee 5 
4. Shale, sandy and argillaceous, containing Corbicula, &c..---..-----.----. ------ 4 
5. Similar to No. 4, containing Ostrea and Anomia.... ..-... -se0------o---- eee ene 3 
6. Unexposed to the general low surface of the valley, about...........-.+--.---- 15 


Although in full detail the recognized members of this section differ, 
as we should expect them to do, from those of the Crow Creek section, 
some 35 miles distant, yet no hesitation is felt in recognizing the precise 
general equivalency of the two sections. This recognition is all the more 
satisfactory because two or three of the members of each section, respect- 
ively, are unmistakably identical, as will be seen from the following 
comparison : 

No. 1 of the Bijou Creek section doubtless corresponds with Nos. 1 and 
2 of the Crow Creek section; No. 4 of the former with No. 3 of the latter; 
and No. 5 of the former with No. 4 of the latter. Nos.2 and 3 of the 
Bijou Creek section are not definitely recognized in that of Crow Creek, 
but this is of no consequence in view of the precise agreement of the 
fossiliferous members of the section, which are of far more importance 
than the others. The material composing No.1 of the Bijou Creek sec- 
tion is too uniform in all this region to need comparison or special 
description. The sandstone of No. 2 differs in no respect from the ordi- 
nary sandstones of the Laramie Group that are found elsewhere. No 
fossils were found in it. No.3 is not separable lithologically from No. 4, 
beneath it, and they are treated as separate members only because I 
found no fossils in No. 3, while No. 4 is quite fossiliferous, containing at 
least six species that are identical with those of No. 3 of the Crow Creek 
section. No. 5 contains Ostrea glabra Meek & Hayden and Anomia 
micronema Meek in abundance, and in all respects like those of the Crow 
Creek section; and, so far as I could discover, no other species were 
associated with them. No trace of an equivalent of No. 5 of the Crow 
Creek section, was found at the Bijou Creek locality. It is a fresh-water 
deposit, and its local character in the valley of Crow Creck has already 
been remarked upon. 

No strata were ‘seen in situ in No. 6 of the Bijou Creek section, but at 
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numerous points on the slope of the valley-sidg, and not more than four 
or five feet beneath the base of No. 5, the prairie dogs had, in their bur- 
rowing, brought to the surface fragments of coal and carbonaceous shale. 
This indicates the existence of a bed of coal there, which, if identical | 
with that of the Crow Creek locality, implies an absence in the valley 
of Bijou Creek of an equivalent of a considerable part of the Crow Creek 
section beneath its No. 5. Butit is more probable that the coal of Bijou 
Creek is a local development of another bed, which is not represented 
in Crow Creek Valley where the section was measured, and also that 
the upper and more fossiliferous part only of the Crow Creek section is 
represented in that of Bijou Creek. 


LIST OF FOSSILS FROM THE VALLEY OF BIJOU CREEK, COLORADO. 


. Anomia micronema Meek. 

. Ostrea glabra Meek & Hayden. 

. Corbicula obesa White. 

. Corbicula (Leptesthes) subelliptica Meek & Hayden. 
. Corbicula (Leptesthes) macropistha W hite. 

- Corbicula (Leptesthes) planumbona Meek. 

. OCorbula subtrigonalis Meek & Hayden. 

. Melania wyomingensis Meek. 


GAS) OU Cob 


NOTES ON THE LARAMIE FOSSILS COLLECTED IN THE VALLEY OF 
BIJOU CREEK, COLORADO. 


All the species of this list were also found in Crow Creek Valley, and 
they are separately discussed in notes on the fossils of that locality, on 
preceding pages. Therefore the notes on this list of fossils will be very 
brief, and the reader is referred to the notes on the same species of the 
Crow Creek list. 

The examples of Anomia micronema and Ostrea glabra were found 
quite abundantly at the Bijou Creek locality, but only in bed No. 5; and 
no other species were found immediately associated with them. This 
association of the two species and exclusion of others, in a single stratum, 
has also been recognized at other localities east of the mountains. 

The four species of Corbicula named in the list were found associated 
in bed No. 4 of the Bijou Creek section and in none of the others. Frag- 
ments of Corbula subtrigonalis and Melania wyomingensis were also found 
associated with them, and all six of these species were found similarly 
associated in bed No. 3 of the Crow Creek section. The condition of the 
fossils at the two localities respectively is practically the same, but I 
observed that the beaks and umbonal portions of some of the specimens of 
Corbicula obesa were eroded, having apparently been done during the 
life of the mollusk, as the material of the imbedding matrix filled the 
eroded cavities. This condition was observed in the case of no other 
Species, nor was it observed upon the same species at the Crow Creek 
locality, the only other place at which the species is known to occur. 

The whole valley of Bijou Creek, from its mouth to the crossing of 
the Kansas Pacific Railroad, was searched for other exposures, but no 
others were discovered except a few at and in the neighborhood of Bijou 
Station, where that railroad crosses the creek. These consisted of soft 
ferruginous sandstone with bluish and variegated shaly and clayey 
alternating layers. They appear to belong in the series just above the: 
Section further down the creek that has already been recorded, or they - 
are perhaps in part identical with No. 2 of that section. 
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From the valley of Bijou Creek my investigation led me southwest- 
ward to Cherry Creek Plateau, during which I passed over the higher 
strata of the Laramie Group, which come in the series between those that 
I found exposed near Bijou Station and the sandstones of the Monu- 
ment Creek Group, that constitute the plateau. I found no fossils of 


~ any kind in these higher Laramie strata except silicified wood, which in 


some places was quite plentiful. Itis possible that certain layers in this 
portion of the Laramie Group contain invertebrate fossils, but the whole 
series in this region above the horizon of the fossiliferous layers of the 
Crow Creek and Bijou Creek sections is apparently destitute of inver- 
tebrate remains. 

The whole thickness of Laramie strata which I thus passed over, from 
the uppermost layers of the Fox Hills Group im the valley of South 
Platte River to the base of the Monument Creek Group on Cherry Creek 
Plateau, is estimated at about 1,800 feet. So far as I could discover, 
only about the lower 200 or 250 feet of this series is known to contain 
invertebrate fossils; and the lower 700 or 800 feet appears also to con- 
tain all the coal of the Laramie Group in this region. ; 

Exhibiting to some ranchmen whom I met in the valley of Bijou Creek 
the fossils I had collected there, they informed me that they had found 
similar ones some twenty-five or thirty miles directly to the eastward ; 
and, as already stated, Melania wyomingensis is similarly reported to occur 
on Horse Tail Creek, upon the south side of the South Platte, and about 
seventy-five miles eastward from Greeley. These reports are not offered 
as conclusive evidence of the existence of Laramie strata at those two 
localities, but taken in connection with other known facts, we are at least 
warranted in accepting them as provisional evidence. The other facts 
referred to are the known easterly dip of all the strata near the mount- 
ains and their almost level extension out upon the plains; and the known 
presence of characteristic Laramie strata on the line of the Kansas Pa- 
cific Railroad, two hundred miles east of Denver, as already recorded on 
previous pages. In short there seems to be no reason to doubt that im- 
mnediately beneath the debris of the plains, the strata of the Laramie 
Group occupy, besides other considerable areas to the northward and 
southward, the whole broad space between the South Platte and Arkan- 
sas Rivers (except narrow spaces immediately adjacent to the two rivers 
respectively, where the strata of the Fox Hills Group appear to come 
up to the surface), extending eastward from the base of the Rocky Moun- 


tains quite within the limits of Western Kansas. 


Sedimentation seems where I crossed the place of division to have 
been continued without interruption from the Laramie Group, which is 
mainly a brackish-water, but in part a fresh-water deposit, to the Mon- 
mnent Creek Group, which is probably a purely fresh-water deposit, al- 
though no invertebrate fossils have been found init. This last-named 
deposit is probably equivalent with the White River Tertiary, a forma- 
tion that has already been mentioned as occupying a large area of the 
plains north of the South Platte, but from my present limited personal 
knowledge I regard it as possibly equivalent with either the Wasatch, 
Green hiver, or Bridger Group, which have their full development west 
of the mountains. It is possible that the upper 800 feet of what I have 
referred to the Laramie Group ought also to be included with the Monu- 
ment Creek sandstones, but as I discovered no plane of demarkation 
between the groups where I examined them I prefer to leave it with the 
Laramie Group. 

Following these statements it is proper that I should make some 
reference to the reported discovery of marine Tertiary fossils by Pro- 
fessor Powell in the valley of Bijou Creek, as reported upon by myself in 
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his Report on the Geology of the Uinta Mountains, and also noticed in 
the American Journal of. Science, vol. xi, 3d series, p. 161. 

The Bijou Creek locality, the strata and fossils of which have been de: | 
seribed on previous pages, is the same one at which the marine fossils just 
referred to were reported to have been obtained by Professor Powell, and 
I visited it with specific information furnished by him.* That collection of 
Professor Powell’s was composed entirely of marine species, among which 
was a coral, and they were referred by me to the age of the Eocene Tertiary 
strata at Vicksburg, Miss. The fossils which I found at the Bijou Creek 
locality were not only all of different species, but they were all of either 
brackish- or fresh-water origin, and identical with species especially char- 
acteristic of the Laramie Group. The serial continuity of the strata 
seems so perfect, frony the uppermost strata of the Fox Hills Group as 
seen in the valley of the South Platte and its branches, to those of the 
Monument Creek Group upon Cherry Creek Plateau, that it is in the 
highest degree improbable that a marine deposit could have been made 
in this region between the close of the Fox Hills epoch and the begin- 
ning or even the close of the Monument Creek epoch. If such a deposit 
were made there at the close of the latter epoch we ought to find it, if 
found at all, resting on the uppermost strata of the last-named epoch, 
but none has been reported to exist there. If made at the beginning of 
the Monument Creek epoch the conformity of its strata upon those of the 
Laramie Group could not be either real or apparent asitisnow. From the 
explanation that has already been given of the character and condition 
of the strata between the South Platte and Arkansas Rivers it is evident 
that if a marine deposit later than the Cretaceous really exists there it 
must rest unconformably upon the eroded surface of Laramie strata. 
The great erosion that has left the strata of that region in their present’ 
condition took place after the close of the Monument Creek epoch, and 
that would bring the date of such an assumed marine deposit later than 
that which is indicated by the character of the fossils of Professor Pow- 
ell’s collection. From these facts and considerations I am forced to the 
conclusion that the marine Tertiary fossils refefred to were collected in 
some more eastern region and that they were inadvertently substituted 
in the collections furnished me by Professor Powell for investigation 
for fossils that he did collect in the valley of Bijou Creek. 

Searcely any subject connected with the geological history of North 
America could be of more absorbing interest than that of the exact 
chronological relation of the marine Tertiary deposits of the sea-border 
regions with the fresh- and brackish-water deposits of the western inte-— 
rior of the continent. It is to be hoped that this subject may yet receive’ 
elucidation from discoveries similar to that which was supposed to have 
been made in the valley of Bijou Creek ; but it now seems evident that 
we need not look for them east of the Rocky Mountains in any district 
west of Western Kansas. This subject is further referred to in discus- 
sions upon later pages of this report. 

From the Cherry Creek Plateau I went to the neighborhood of Golden 
City by way of Denver without adding any material geological or pale- 
ontological facts to those already recorded. In my investigation of this 
district I was accompanied by Mr. Arthur Lakes, of Golden City, and 
our first examinations were made at the village of Morrison, seven miles 
to the south of Golden. The strata here are exposed on a grand scale, 


*In Professor Powell’s report on the geology of the Uinta Mountains the name of 
the locality is given as ‘‘ Bijou Basin,” which-was intended to mean the valley of the 
Bijou Creek, and not a locality near the head of the creek to which that name is given 
on some maps. 
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both in the form of the hogbacks that skirt the base of the Rocky Mount- 
ains and form its foot-hills, and as natural sections in the valley sides of 
Bear Creek which cuts transversely through them on its way from the 
mountains to the plains. These rocks are very clearly illustrated in a 
section facing page 32 of Dr. Hayden’s Annual Report for 1874. 

At the time of my visit, Mr. Lakes and Professor Mudge were en- 
gaged in exhuming some enormous Dinosaurian remains from the west- 
ern or escarpment face of the principal hogback, a couple of miles north 
of Morrison. These strata form the member of the section referred to, 
which is there designated as “variegated shales,” and which immedi- 
ately underlies the layers of massive sandstone that form the crest of 
the principal hogback. These sandstone layers are referred without 
hesitation to the Dakota Group or Cretaceous No. 1, in which reference 
all other geologists who have mentioned them are understood to agree. 

Upon the discovery of the Dinosaurian remains above referred to, 
Professor Marsh referred the strata containing them to the age of the 
Wealden of Europe;* but in the final publication of his address before 
the Am. Asso. Ady. Sci. for 1877, he referred them to the Jurassic. In 
his later conclusion I am much inclined to agree, not that invertebrate 
paleontology furnishes any direct evidence, but because of the evidence 
that exists of unbroken: continuity of deposition from those strata that 
are regarded as certainly of Jurassic age with those containing the Dino- 
saurian remains, called ‘“‘ Atlantosaurian beds,” by Professor Marsh.t 

Only a few fossils were collected in this vicinity at the time of my 
visit; but Mr. Lakes subsequently sent to the office of the Survey a box 
of fossils which he collected. here, containing many species, a list of which 
is given in an appendix to this report, and they are also included in a list 
of the fossils of this district, presently to be given, together with notes 
upon them. 

The fossils of this locality were collected mostly from the strata of the 
Fox Hills Group; but three species, namely, Inoceramus deformis, I. 
problematicus, and Ostrea congesta, are from those of the Colorado Group. 
These three species were in fact found in some layers of limestone or eal- 
careous rock at the upper part of the Colorado Group, which no doubt in 
part represent the Niobrara division of the Cretaceous section of the 
Upper Missouri River region. 

Search for fossils was prosecuted in the strata of the Table Mountains 
of this district, which are mainly composed of strata of the Laramie 
Group, and are capped by a trap outflow. In this search I was not suc- 
cessful, although the strata are no doubt equivalent with those that 
were found so fossiliferous in the valleys of Crow and Bijou Creeks. 
Continuing my examination of the Cretaceous strata northward, I visited 
the valley of Ralston{ Creek, about four iniles northward from Golden 
City. Ata locality in the valley of this creek, near the foot-hills and 
about four miles northward from Golden City, a shaft was sunk several 
years ago in a search for coal. A bed of lignite was found there which, 
although not proving profitable for workingyis reported to possess about 
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* See Introduction and Succession of Vertebrate Life in America, page 17; advance 
copy of Professor Marsh’s Address before Am. Assoc. Ady. Sci. 1877. 
t Dr. Hayden referred the exact equivalent of these beds on the Saint Vrains and 
Big Thompson Creeks to the Jurassic in his annual report for 1873. (See sections 
facing page 20 of this report.) 
¢There seems to be some confusion as to the name of this creek. In the various 
reports referring to fossils there it is called ‘Ralston Creek;” but on the maps of the 
atlas of Colorado it is called ‘‘Van Bibber Creek.” It is the first creek north of the 
North Table Mountain, while on the map the name Ralston Creek is applied to the 
second one north of that mountain. 
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the same general characteristics as that which is mined in the face of 
Table Mountain, near Golden City, three or four miles away. 

Mr. W. H. Holmes, artist and geologist of the Survey, visited the place 
about that time and collected a few specimens of a shell that Mr. Meek 
afterward described as Cyrena? holmesi in the Bull. U.S. Geol. Sury. 
Terr. 2d ser. No. 1, p. 45. 

The shells were found in the uppermost of the layers that were dug 
through in sinking the shaft, and, so far as I can learn, no other fossils 
were found in any of the other layers. I was not able to learn at what 
depth the coal was found beneath these fossiliferous layers, but it was 
probably not more than fifty feet. The strata, as I saw them by looking 
down the shaft, were alternating layers of soft and harder sandstone 
with sandy shales, and the series of layers appeared, and are reported 
to have been found without any material change from top to the coal 
below. The débris and soil so completely cover the valley sides and its 
neighborhood as to obscure all strata adjacent to those that were seen in 
the shaft, and the surface presents no direct indication that the strata 
beneath have ever been violently disturbed. Mr. Holmes, therefore, not 
being in possession of the paleontological facts which I have since ascer- 
tained, supposed the natural position of the fossils referred to, to be above 
the bed of coal which is mined in Table Mountain, near Golden City, as 
it was found now to be above the coal in the shaft.* ) 

A year or two after Mr. Holmes’s examination of this district Mr. 
Arthur Lakes also examined the strata of the then abandoned shaft, and 
besides specimens of Cyrena? holmesi he found associated in the same 
layer an unmistakable fragment of a Scaphites. According to our pres- 
ent knowledge of the geological range of this genus, this discovery is 
assumed to show conclusively the Cretaceous age of the strata in ques- 
tion. This specimen is too imperfect for full specific identification, but 
it seems to belong to 8S. mandanensis Morton, which indicates the epoch 
of the Fox HillsGroup. As there seemed to be no stratigraphical break 
between the layers containing the fossils and those in contact with the 
coal, the latter has been inferred to be of Cretaceous age also; but the 
following difficulties are in the way of such a conclusion : 

Nothwithstanding the fact that west of the Rocky Mountains coal 
has been found in both the Fox Hills and Colorado groups, so far as I 
am aware no indication whatever of coal has yet been found in the 
strata of either of those groups, nor in any strata older than those of the 
Laramie Group, east of the Rocky Mountains in Colorado. All the 
Mesozoic strata known in this region are well exposed in this immediate 
neighborhood, and they have been carefully explored for coal without 
success. Again, some small masses of compact calcareous rock were ob- 
tained from Mr. Geo. L. Taylor of Denver, Colo., labeled, “ From near 
Colorado Springs, Col.” These were filled with shells almost certamly 
identical with the Cyrena? holmesi of Meek, and imbedded among them 
I found a fragment of a gasteropod having the characteristics of Lunatia 
so far as they could be ascergained. This is the history of the perplexing 
discovery at Ralston Creek at the time of my visit there in 1877. 

Being in possession of the foregoing paleontological facts I could not 
accept the reference to Laramie or later age of the strata containing 
Cyrena? holmesi, and I made as careful an examination as possible of 
that neighborhood with a view to a proper understanding of the true 
condition of the strata there, and with the following result: 

* So tar as I am aware, Mr. Holmes never published his observations in this district, 
and the view he then held is inferred from the statement made by Mr. Meek in con- 
nection with his description of Cyrena? holiesi (loc. cit.). 
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As is shown in the numerous sections which accompany Dr. Hayden’s 

reports upon this region, all the Mesozoic strata are upturned against 

the flanks of the Rocky Mountains; the whole series, including the 

Laramie Group, thence extending out almost horizontally upon the 

plains. 

i The Laramie strata were originally flexed with the others, but being 
softer they have mostly, but not in all cases, been removed by denudation 
from the immediate line of flexure, so that we oftener than otherwise 
see these strata in a nearly level position, while the others close by are 
flexed. But they are plainly seen to rest upon the strata of the Fox 

Hills Group, and no distinct stratigraphical plane of demarkation has 
yet been detected between them. 

_ The outflow of the trap which now caps the two Table Mountains in 

_ the immediate vicinity of Golden City, the northern side of the northern 

one of which is near to the locality under discussion, took place at a 

comparatively late date, and its outburst must have necessarily ruptured 

and, at least locally, disturbed the strata at and around the place of 
exit. The little group of hills immediately upon the north side of Ralston 

Creek, and at the southern base of one of which is the coal-shaft with its 

fossiliferous layer of sandy shale, here considered, are composed entirely 

of trap similar to that which caps the adjacent Table Mountain. 

A careful examination of these hills convinces me that they occupy 
the site of the rent through which a large part if not all the melted trap 
came, which doubtless once covered a large portion of this district ad- 
jacent to the foot-hills, but of which only comparatively small portions 

have escaped destructive erosion. These small portions now cap the 

two Table Mountains and form the small group of hills here referred to. 

This outburst took place directly in line of the upturned edges of the 

Cretaceous strata against the flanks of the Rocky Mountains, the posi- 

tion and extent of which have already been explained. This dynamic 

movement, however, did not materially affect the strata of either the 

Red Beds or the Dakota Group, as is shown by the present direct con- 

tinuity of the crests of their hogbacks. The strata of the Colorado 

Group are too soft to produce a hogback, and they are so covered 

by débris that we cannot know to what extent they may have been dis- 

turbed by the outburst. The hogback of the Fox Hills Group has been 
disturbed and interrupted. A portion of it standing conspicuously in 
the valley at a point not far to the southwestward from the coal-shaft in 
question has its strata nearly vertical, instead of standing at the much 

Jess angle of elevation shown by the other hogbacks, when, if undis- 

turbed, since the mountain uplift they should be the steeper, because 

they are nearer to the foot-hills. The trend of this short hogback of 

Fox Hills strata is also so deflected that if a line representing its axis 

were continued in the curve it indicates in a northward and northeast- 

ward direction it would lie approximately tangent to the southeastern 
base of the group of trap hills here Joes to, near the point where the 
coal-shaft has been sunk. 

I offer the following explanation of these phenomena: The trap rent 
was a very large one, “not in the form of a dike, but circumscribed, irreg- 
ular, and several hundred yards across. It came in the line of flexure 
of the Cretaceous strata where they are upturned against the flank of 
the mountains, probably breaking through those of the Colorado Group, 
but evidently lifting, displacing, and overturning at least a portion of 
the Fox Hills strata, together with a portion of the then and there super- 
imposed Laramie strata. This is believed to be the exact condition of 
those adjacent to the trap hills, through which the coal-shaft has been 
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sunk. That is, the strata at that particular point have been entirely 
reversed by the uplifting force of the outflowing trap; so that the shatt 
was begun in strata of the Fox Hills Group and continued downward 
until those of the Laramie, including the coal, were reached in reversed 
order. 

This bed of coal is believed to be the same that is now worked in the 
Laramie strata of Table Mountain near Golden City, its change of thick- 
ness and quality within that distance not being unusual with the coal- 
beds of the Laramie Group. 

This explanation makes it evident that Cyrena? holmesi Meek is a 
Cretaceous instead of, as Meek supposed, a Tertiary fossil, even without 
the conclusive testimony of the associated Scaphite. 

Besides this, by carefully cutting away the embedding shale from an 
authentic specimen of that species, which I obtained from the same layer 
that furnished the type specimens, I discovered that it has not the hinge 
characteristics of Cyrena, but has those of Mactra, or at least of a section 
of that genus; thus confirming the marine character of the stratum con- 
taining it, which was indicated by the associated Scaphite. These facts 
alone would seem to be sufficiently conclusive, but within the last few 
months Mr. Lakes has sent to the office of the Survey some specimens of 
the Cyrena? holmesi of Meek, collected by him from the Fox Hills strata 
on Bear Creek, near Morrison, about twelve miles southward from the 
place where that species was originally discovered. The shells sent by 
Mr. Lakes were imbedded in a small mass of stone, and imbedded in the 
same mass I also found a fragment of a Seaphite, evidently of the same 
species as that which was found in the layer that furnished the type 
specimens of Cyrena? -holmesi, on Ralston Creek. It also contained a 
fragment of a Baculite. These facts are conclusive as to the Cretaceous 
age of Mr. Lakes’s fossils, even without the field-label, which was “ Bear 
Creek, 750 feet below the coal-bed.” The coal-bed referred to is that of 
the Laramie Group and which is not far from its base. 

The questions of interest involved in the discussion of the phenomena 
observed in connection with the fossils of the coal-shaft on Ralston Creek 
are in part purely geological and in part paleontological, and some of 
them are so important that the subject has here received more attention 
than would otherwise have been given to it. 

The location of the great trap vent upon the line of flexure of the 
strata, which are upturned against the flank of the Rocky Mountains, 
would seem to indicate that the outburst came there because of the 
weakening of the strata by having been flexed, thus lessening the re- 
sistance to upward pressure. But while the strata are continuously 
flexed along the base of the mountains, the vent is circumscribed, and is 
not in the form of a dike, nor a lengthened sheet along the line ‘of flex- 
ure. Besides this, the dike at Valmont, fifteen miles to the northward, 
is not upon, but several miles eastward of, the line of flexure, and at right 
angles to it. It is doubtless true that the inclined posture of the str ata, 
when the trap burst through, facilitated the overturning of those that 
were upon the outer side of the vent; those between the vent and the 
granite mass of the mountains offering greater resistance to the pressure 
were comparatively undisturbed. 

It is also desirable to elucidate every question which bears upon the 
order of succession of the brackish- and fresh-water deposits upon those 
of marine origin, and the consequent order of succession of invertebrate 
types. Coal-making conditions are known to have existed at times in 
both the Colorado and Fox Hills Cretaceous epochs, in what are now. 
the regions west of the Rocky Mountains, but they are believed not to 
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have existed during either of those epochs within what are now the limits 
of Colorado, east of those mountains. The foregoing explanation of the 
phenomena observed on Ralston Creek removes the doubt upon this 
- point that was at one time felt in consequence of finding Cretaceous fossils 
above a bed of coal there.’ At all the localities which I have visited in 
_ Eastern Colorado the strata of the Colorado, Fox Hills, and Laramie 
Groups all indicate great uniformity of condition of deposition through- 
— out each epoch respectively, to which rule the formerly-supposed presence 
_ of a bed of coal in the Fox Hills strata at-Ralston Creek would, if true, 
' have been an exception. A comparison of these indications of former 
| physical conditions in regions that are now respectively east and west of 
_ the Rocky Mountains, will be made on subsequent pages, but it should 
_ be always borne in mind that this great physical continental feature did 
not then exist. 

The following list of fossils obtained from Cretaceous strata near the 
base of the Rocky Mountains, between Bear and Ralston Creeks, a dis- 
tance of about twelve miles and including the vicinity of Golden City, 
has been collected in part by Mr. A. Lakes and Capt. E. L. Berthoud, 
but I also visited all the localities in person. The strata of the Red 
Beds, the Jurassic and Dakota Groups of this district have been long 
and carefully searched for invertebrate fossils by both these gentlemen, 
but without success, except the discovery of a single shell which is re- 
ported by Mr. Lakes, presently to be mentioned. 


LIST OF CRETACEOUS FOSSILS FROM THE VICINITY OF GOLDEN CITY 
AND MORRISON, COLO. 


Fox Hills Group. 


1. Pteria linguiformis Evans & Shumard. Bear Creek, near Morrison. 
2. Pteria (Pseudoptera) jfibrosa Meek & Hayden. Bear Creek, near 
Morrison. 
3. Inoceramus oblongus Meek. Bear Creek, near Morrison. 
4. Nucula. planimarginata Meek & Hayden. Near Golden City. 
5. Nucula cancellata Meek & Hayden. Near Golden City. 
6. Cardium speciosum Meek & Hayden. Bear Creek, near Morrison. 
‘7. Tellina scitula Meek & Hayden. Bear Creek, near Morrison. 
8. Mactra holmesi Meek sp. Bear and Ralston Creeks. 
9. Pachymya? herseyi White. Bear Creek, near Morrison. 
10. Dentalium gracile Hall & Meek. Bear Creek, near Morrison. 
11. Lunatia subcrassa Meek & Hayden. Bear Creek, near Morrison. 
12. Baculites ovatus Say. Bear Creek, near Morrison. 
13. Scaphites nodosus Owen. Bear Creek, near Morrison. 
14. Scaphites mandanensis Morton sp.? Bear and Ralston Creeks. 
15. Placenticeras placenta var. Bear Creek, near Morrison. 


Colorado Group. 


16. Ostrea congesta Conrad. Bear Creek, near Morrison. 
17. Inocevamus deformis Meek. Bear Creek, near Morrison. 
18. Inoceramus problematicus Schlotheim. Bear Creek, near Morrison. 


NOTES ON THE FOSSILS FROM THE VICINITY OF GOLDEN CITY AND 
MORRISON. 


_. The fossils obtained from the strata of the Fox Hills Group at Bear 
Creek were found at two horizons or in two layers; one about two hun- 


’ 


dred feet below the bed of coal there, and the other about seven hundred — 
and fifty feet below it. The coal is embraced within the strata of the 
Laramie Group, and is apparently not much more than one hundred feet 
above its base, but no plane of demarkation between the two groups 
has yet been satisfactorily recognized. Nos. 6, 7, 9, and 10 of the fore- 
going list were obtained from ‘the upper fossiliferous horizon on Bear 
Creek, and they are also all characteristic of the uppermost strata of 
the Fox Hills Group as seen in the valley of the Cache a la Poudre and 
at the mouth of the Saint Vrains, and the upper Bear Creek horizon is 
therefore no doubt equivalent with those strata. The species represented 
by the four foregoing numbers are discussed in the notes following the 
lists of fossils collected in the district of the Cache 4 la Poudre and 
Saint Vrains. The two species of Nucula represented by Nos. 4 and 5 
of the list were obtained from near Golden City by Captain Berthoud. 
They also exist in the uppermost fossiliferous strata of the Fox Hills 
Group in the valley of the Cache a la Poudre, but in the Upper Missouri 
River region No. 5 at least ranges as low as the upper part of the Fort 
Pierre Group. All the remaining species of the list that were found 
in the Fox Hills strata of Bear Creek are from 750 feet below the coal. 
The existence and association of the Cyrena? holmest of Meek (= Mactra 
holmesit White) and Scaphites mandanensis? at both the Ralston Creek 
and Bear Creek localities has already been stated and commented on. 

The three species obtained from the Colorado Group at Bear Creek 
are from the upper portion, doubtless representing in part the Niobrara 
Group or Cretaceous No. Bi of the Upper Missouri section. The speci- 
mens of Ostrea congesta were found adhering to the shells of Inoceramus 
deformis. The former is an abundant and widely-distributed species, but 
the latter has never, to my knowledge, been found in the Upper Mis- 
souri River region, although it is common in the latitude of Colorado 
and southward. Inoceramus problematicus, No. 18 of the list, does not 
appear to range above the horizon at which it is found in the valley of 
Bear Creek, east of the Rocky Mountains in Colorado, but in South- 
western Wyoming forms that are undistinguishable from this species 
are found in strata of the Fox Hills Group. 

The discovery by Mr. Lakes of a fossil shell in the strata of the Dakota 
Group has been already referred to. The following is his account of it 
in a personal letter to me under date of June 21, 1878: ‘To-day in ex- 
ploring some rocks of the Dakota Group, I found in some finely lami- 
nated drab shales about 100 feet below the usual ridge of sandstone which 
so characteristically caps the Dakota hogback, the shell which I for- 
ward to you by to-day’s mail. The shell was found in undoubted Dakota 
rocks, a little north of the river Saint Vrains.” This is quite an unex- 
pected discovery, and the specimen is the first Inoceramus that has, so 
far as I am aware, been found in strata of the Dakota Group. From 
the above remarks of Mr. Lakes, and a pencil-sketch which accompanied 
them, it seems probable that the shell in question really came from the 
upper layers of the Atlantosaurian beds of Professor Marsh. It has 
been much compressed, and is too imperfect for specific identification, 
and is perhaps identical with I. wnbonatus Meek & Hayden, a Fort Ben- 
ton Group species, but it has in its compressed condition much the 
aspect of I. vanuxemit Meek & Hayden, from the Fort Pierre Group. It 
is of a decidedly Cretaceous, and not Jurassic type, which fact has an’ 
interesting relation to the age of the Atlantosaurian beds of Professor 
Marsh, if “the specimen really came from them. 

The ’ deposition of sediment which formed these beds seems to have 
been continued without interruption or material change of character to 
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the formation of those layers in which Mr. Lakes found the Jnoceramus 
here referred to; and the Atlantosaurian beds seem also to be a part of 
a continuous deposition of sediment from those of undisputed Jurassic 
age beneath. This subject will be again referred to on subsequent 
pages, but our present knowledge is hardly sufficient to warrant any 
conclusive generalizations upon it. 

From Ralston Creek I proceeded northward along the base of the foot- 
hills, by way of Marshall’s coal mines to the valley of the South Boulder. 
Going thence eastwardly, I found in the slope of the hills some two 
or three miles eastward from Marshall’s mines at about 50 feet above the 
horizon of the coal some imperfect specimens of oyster-shells. They 
were, however, perfect enough to allow their identification with O. glabra 
which [had found so abundant at several localities of Laramie strata, 
as already recorded. 

Continuing eastward to the village of Erie, on Coal Creek, I found, just 
south of the village and of the coal mines which are worked there, some 
considerable exposures of Fox Hills strata that have evidently been 
brought up by a fault. I could not ascertain the extent of this fault 
because of the presence of the abundant débris of the plains, but it seems 
to be a short one and to have its northern end at the south side of the 
village, and to extend southward only between one and two miles. The 
throw of the fault is a sight one compared with many of those which we 
find west of the mountains, as the fossils indicate a horizon near the up- 
per part of the Fox Hills Group, and the layers containing them are 
on a level with the coal, which is not far from the base of the Laramie 
Group. The fault is thus seen to involve the upper strata of the Fox 
Hills Group and the lower strata of the Laramie, and the throw proba- 
bly does not exceed 500 feet. The fossils referred to are in the form of 
casts in sandstone, and consist almost wholly of Veniella humilis Meek 
& Hayden. 

I traversed in different directions a large part of the district between 
South Platte and Boulder Rivers, hoping to-find other exposures of the 
fossiliferous horizons of Laramie strata, but without success. These 
examinations ended my paleontological field-work east of the mountains 
for this season, and I returned to the foot-hills at Boulder City to prepare 
for crossing the Rocky Mountains by way of Boulder Pass. Many inter- 
esting and important paleontological questions pertaining to this eastern 
region still remain unsettled, the investigation of which I hope to resume 
at another time. I have also passed over many important features of 
structural geology without comment because they have already been so 
fully reported upon by Dr. Hayden and the late Mr. Marvine. 

The following brief summary of the observations made east of the 
mountains is presented here for the purpose of facilitating the discussion 
that on subsequent pages will follow the record of the field-work for the 
whole season. 

Livery practicable opportunity was improved to note the character of 
the strata at the junction of the well-recognized groups respectively, 
and also to seek for the precise point or plane where the characteristic 
fossils of the one cease, and those of the other begin, to appear. Also, 
as far as possible, the vertical range of each species collected was 
observed and compared with the vertical range of the same and asso- 
ciated species elsewhere, especially with those from the typical localities 
of the Upper Missouri River region. 

As to the limits of the formations or groups which I have examined, 
although each one as a whole is sufficiently distinct and characteristic 
lithologically, and also paleontologically when fossils occur in them, the 
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precise boundaries of all of them, from the base of the Red Beds to the 
top of the Monument Creek Group, were found to be obscure, even where 
they could be best observed. It is true that the opportunities for such ob- 
servation are limited by prevailing débris, but in no place where opportu- 
nity has offered have I been able to select any stratum or any line or plane 
of demarkation between any two strata, and say with confidence that it 
constitutes the precise boundary between any two of these groups or for- 
mations. Besides this, the horizons which are indicated by the pres- 
ence, or known vertical limits of range, of certain species of fossils are 
all parallel with the assumed planes of demarkation between the groups, 
and consequently with each other. Thus, for example, a well-character- 
ized fossiliferous horizon occurs near the top of the Fox Hills Group and 
another near the base of the Laramie Group, both being constant 
throughout a large part of this region. They are comparatively near 
together, no distinct plane of demarkation existing between the two, as 
before stated, and yet no two fossiliferous horizons in any series more 
plainly belong to different groups. In the present state of our knowledge 
edge it is perhaps too much to say positively that sedimentation was con- 
tinuous and uninterrupted over the area that now constitutes the region I 
have examined, from the beginning of the epoch of the Red Beds to the close 
of the Laramie period, and, perhaps, also, to the close of the Monument 
Creek epoch, but such now seems to have been the ease. That oscilla- 
tions of land-level took place within that time, which shifted the eastern, 
and doubtless other shore-lines of then existing seas, is certain, as will 
be hereafter shown, but such oscillations do not seem to have interrupted 
or materially affected the continuity of sedimentation in the area that now 
constitutes the portion of Colorado which lies east of the Rocky Mountains. 
Important physical changes of course took place elsewhere, which had. 
their effect in producing the changes of the faune of the passing epochs 
which are represented by the groups in question, and in defining those 
epochs themselves, but that subject will be briefly discussed on following 
pages. The observations which I made there indicate that all the move- 
ments which resulted in the elevation of the Rocky Mountain range 
certainly took place after the close of the Laramie period, and at least in 
large part after the close of the epoch of the Monument Creek Group.* 
The faults and trap outflows, however, that have just been noticed, took 
place at a much later epoch, probably as late as the Pliocene Tertiary, 
and were probably contemporaneous with a large part of those that are 
found on the west side of the Rocky Mountains. . 

Before taking leave of the east side it is proper to refer to certain drift 
phenomena which I observed along the eastern base of the mountains, 
because I shall also have occasion to refer to this subject briefly when 
treating of regions farther westward. 

Near the base of the mountains, and sometimes reaching several miles ~ 
out upon the plains, are beds of drift, composed of gravel, usually coarse, 
and small bowlders. Almost without exception, this material is com- 


* As to whether the Monument Creek Group is really conformable upon the Laramie, 
I can only say that it appeared to be so where I examined it. It is probably a consid- 
erably later deposit than the Laramie. 

There is, as reported by the late Mr. Marvine, a limited unconformity of the Laramie 
strata upon those of the Fox Hills Group in Middle Park; but that is believed to have 
been caused by comparatively slight movements that took place previous to those of 
the Rocky Mountain uplift proper. Very extensive displacements, however, are 
known to have taken place at or near the close of the Laramie period in the region 
that now constitutes the western portion of Green River Basin, as will be shown on 
following pages; but even those movements are believed not to have interrupted con- 
tinuous sedimentation in coniparatively large areas. 
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posed of fragments of granitic and metamorphic rocks like those com- 
posing the immediately adjacent mountains. These beds have been 
much removed by later erosion, the approximately level portion, not 
eroded, being from 200 to 300 feet above the neighboring streams. 
Sometimes they break off by terrace slopes that are. apparently not 
caused by erosion. The higher surfaces of the deposit have a slight uni- 
form slope toward the plains. It is difficult to estimate the thickness of 
the deposit even approximately, and it is also difficult to ascertain 
whether the stratified rocks upon which it was deposited were first lev- 
eled off to receive the deposit, or whether the leveling was only of its 
own upper surface. Its appearance suggests that it may have been de- 
posited by a formerly existing ice-sheet moving off from the immediately 
adjacent mountains, but there are some facts connected with it that are 
difficult to explain m connection with that suggestion. High hogbacks 
of Mesozoic rocks stand between those nearly level reaches of drift and 
the granite rocks that furnished the material of which it is composed. 
If the surface of the drift was really leveled off by an outwardly moving 
ice-sheet, it is difficult to understand why the hogbacks were not also 
reduced to the same plane. But they stand there, immediately adjacent, 
several hundred feet above the surface of the drift, and also above many 
of the adjacent granite foot-hills, and, so far as I could discover, they 
show no signs of former glacial action upon them. 

Again, the source of the material of which the drift is composed is 
only from two to ten miles away, and yet its gravel and bowlders are as 
perfect and smoothly rounded as the water-worn pebbles of a sea-shore. 
They evidently have a history beyond that of mere detachment from 
their original ledges and a few miles of glacial transportation. But this 
subject will be again referred to on subsequent pages, though perhaps 
not elucidated. 

Passing through the foot-hills near Boulder City, consisting mainly of 
the ereat hogbacks of the Red Beds and Dakota Group, we left all the 
sedimentary rocks of the east side and traveled upon the great granite 
nucleus of the Rocky Mountains until we had crossed the Front, or prin- 
cipal range. Crossing this by way of Boulder Pass, we re: ached. the 
large, elevated . intra- ‘mountain region known as Middle Park. Our 
journey led us into the park by way of the headwaters of Frazier River, 
where we came upon the first stratified rocks after leaving the east side, 
which were the “ Lake Beds” of Dr. Hayden’s reports. 

The geological. structure of the park having been so ably reported 
upow by the late Mr. Marvine, my attention was more especially directed 
to the characteristics of the Laramie strata and the Lake Beds, with the 
hope of learning something of their paleontological history. The latter 
deposit is very extensively developed in the park and occupies a large 
part of its surface. It rests unconformably upon all the other rocks, 
from the granite to the Laramie strata inclusive. 

The strata (for it is distinctly stratified) generally presents a nearly 
level aspect, but the original upper surface of the deposit has been 
everywhere Yemoved by erosion ; so that of an original thickness of a 
thousand feet or more, scarcely more than one-third of that thickness is 
now found at any one point. While the strata of this deposit have no- 
where been so much displaced as all the other stratified rocks of the 
park have been, they have, however, been in many places tilted at angles 
varying from one to fifteen degrees. This deposit was carefully se: arched 
for fossils at all the points which I visited, but without success except at 
one point on Ranch Creek, a tributary of Frazier River. Here I found 
<wo imperfect specimens of a species apparently belonging to the genus 


202 REPORT UNITED STATES GEOLOGICAL SURVEY. 


Helix; and imbedded in the same mass a small metacarpal or metatar- 
sal bone, about one centimeter long, and appar ently belonging to a small 
rodent. These give no indication of the age of the deposit, because. 
they belong to common living types, and because fossil forms ‘of living , 
invertebr ate types are abundant i in strata as old as those of the Laramie 
Group. We must, therefore, rely upon other phenomena to indicate the 
age of this deposit. The following is a summary of the conditions and 
indicated circumstances bearing upon this point: 

The Lake Beds are known to be considerably more recent than the 
Laramie Group, because the former rests conformably upon the flexed 
and much-eroded strata of the latter. The deposit is a circumscribed 
one, evidently of fresh-water origin, occupies only the lower surfaces of 
the park, and has plainly derived its. material from the immediately 
adjacent and surrounding hills, but doubtless before either the deposit 
or the hills were elevated to their present height above the level of the 
sea. On the other hand it is known to be quite ancient as compared 
with the present time, because it has suffered extensive erosion, evi- 
dently amounting to more than half its original bulk. It bears the 
evidence of drift-leveling similar to that which has been already noticed 
as occurring at the eastern base of the mountains, and is consequently 
older than the epoch of that drift; and its strata have been considerably 
flexed in some places, showing that mountain elevation was continued 
after its deposition. This deposit is regarded as of the same or about 
the same age as the one found west of the mountains which has been 
called the Brown’s Park Group by Professor Powell, and Uinta Group 
by Mr. King. A comparison of the two was made in my report of last 
year, and reference to the subject will necessarily be made on following 
pages. 

The drift phenomena observed in Middle Park consist of scattered 
gravel and bowlders upon quite extensive, nearly level, or gently slop- 
ing surfaces of different heights, which often assume the character of 
terraces. The gravel and bowlders are sometimes scantily and some- 
times profusely spread, and the material of which they are composed 
has evidently been derived from the immediately adjacent mountains and 
hills. The pebbles and small bowlders have been as smoothly rounded, 
evidently water worn, as those which have already been referred to as 
existing at the eastern base of the mountains. The leveling of the sur- 
faces upon which this material rests may have been produced by the same 
forces which scattered it, but the evidence on this point is not conelu- 
sive. The various aspects in which one may view these surfaces in 
different portions of the park suggest the idea that they may repre- 
sent different base-planes of erosion which were successively reached 
during the process of erosive excavation of the deposits which formerly 
more completely than now filled the park. This terracing of the depos- 
its of the park is known to be of comparatively recent date, because they » 
occur upon the older and later deposits alike, and even "the higher or 
older terraces or levels are, in many cases, upon the Lake Beds, which 
are much the latest of the formations. 

In Egeria Park, which lies west of Middle Park and of the Park Range 
of mountains, these drift terraces or levels are very extensive, and con- 
stitute even more conspicuous features of that district than they do in 
Middle Park, but they are there mainly or wholly carved out of the Cre- 
taceous deposits, there being no later deposits within its limits. 

The strata of the Laramie Group are abundantly developed in Middle 
Park, so far as aggregate thickness is concerned, which is fully double 
that of the strata of the same period in the region which I examined 
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adjacent to the eastern base of the mountains. They occupy a large 
area in the mountain region between the Front and Park Ranges, extend- 
ing from near the southern portion of Middle Park to the southern por- 
tion of North Park, and including the hill region between both. It has 
- been searched for fossils by every geological party that has visited it, 
but, so far as Middle Park is concerned, without success except as to 
fossil plants. 

Among the collections of the survey are some fossils obtained by the 
_ late Mr. Marvine, from strata that have been referred to the Laramie 
Group, in North Park, accompanied by the following label: ‘ North 
Park, SW. corner, 8 miles from Muddy divide.” “ Muddy divide” is 
doubtless the locality which is designated as “ Muddy Pass” on the maps 
of the Atlas of Colorado, lately published by the survey. The fossils re- 
ferred to consist of two, or perhaps three, species of gasteropods, which 
are in a partially crushed and imperfect condition of preservation, being 
in the form of casts in soft sandstone. One is a Viviparus, the specimens 
_ of which are remarkably like some of those of V. wyomingensis Meek, 
_ which I have collected from the Bridger Group, in a similar state of 
preservation ; but there is nothing in the observable characters of these 
specimens that would forbid a reference of them to V. Reynoldsianus 
Meek & Hayden, from the Fort Union Group of the Upper Missouri 
River region. The correctness of the latter reference, rather than the 
former, is suggested by the fact of the known identity of the Fort Union 
beds with the Laramie Group; and also the further fact that V. Wyo- 
mingensis has not been recognized in any other strata than those of the 
nes Group, not even those of either the Green River or Wasatch 

roup. 

Of the other species, one is referred to Campeloma, and is probably 
identical with C. multistriata Meek & Hayden, from the Fort Union 
Lia and also found by myself in the Laramie strata of Crow Creek 

alley. 

The other form is somewhat more elongate than the last, and has a slight 
angularity at the outer side of its body volution. It perhaps belongs to the 
genus Goniobasis, but neither its generic or specific characteristics could 
be clearly distinguished. These are all the invertebrate fossils that are 
known to have been collected from any of the strata of this large intra- 
mountain area that have been referred tothe Laramie period. Of them- 
selves they are not sufficient to determine the age of the strata contain- 
ing them, or their equivalency or otherwise with those of the Laramie 
Group. The strata of all the other areas which in this report are re- 
ferred to the Laramie period are, as I shall show, so referred because of 
the specific identity of a greater or less number of species of inverte- 
brate fossils found in the strata of the different areas or regions respect- 
ively. This paleontological evidence is in all cases corroborated by the 
stratigraphical relations of the Laramie strata with those of the Fox 
Hills Group beneath, and also, in some cases, with other groups above. 
In the case of the strata of Middle Park of assumed Laramie age, we 
are reduced to the latter kind of evidence alone, if we except that which 
may be derived from the fossil plants and the few fossil shells before 
mentioned. 

While we seem warranted in assuming that the strata in question, of 
the Middle Park region, are really equivalent with the Laramie Group 
of the Upper Missouri, the great Green River Basin, and of the plains 
at the eastern base of the Rocky Mountains, the following comparisons 
are of interest. . 

The strata in question have an aggregate thickness in Middle Park 
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fully double that of those in the plains atthe eastern base of the Front 


Range, but not greater than' that at the western base of the Park Range. 


The Middle Park strata contain no fossils that are certainly identical, 


in species with any of the numerous forms found on each side of that 
region at the eastern and western bases, respectively, of the Rocky 
Mountains; and they contain, so far as known, only those imperfectly 
known species before referred to that are possibly identical with forms 
in the Fort Union beds of the Upper Missouri. 

So far as I am aware, no coal has been found in the Laramie beds of 
Middle Park, while it is more or less abundant in all the other known 
regions of that group. . 

In connection with this latter fact it may be mentioned that Mr. Mar- 
vine found a bed of coal in the Fox Hills strata of Middle Park, and it 
is well known to exist in strata of that age west of the mountains, 
but none has ever been found in strata of the same age east of the 
mountains in Colorado, so far as I am aware. 

. Leaving Middle Park I crossed the Park Range to the headwaters of 
Yampa River, by way of Egeria Park. 

Owing to want of time, comparatively little was done in the examina- 
tion of the Cretaceous Groups of Middle Park, except to identify them 
as unmistakably equivalent with the groups of that period as recognized 
elsewhere in Colorado, both east and west of the Rocky Mountains. In 
my generalizations, I shall therefore make use of the observations that 
have been made by Hayden, Powell, and Marvine in this district. I 
found limited exposures of these groups in connection with the Laramie 
Group in the vicinity of Hot Sulphur Springs in the middle portion of the 
park, and also farther westward. Passing down the valley of Grand 
River, only the Lake Beds were observed within immediate viewfrom my 
line of travel, until we reached the valley of Muddy River, a northern 
tributary of the Grand, that has its course along the western portion of 
the park. Here the strata of the three Cretaceous Groups are exposed 
along the valley of the Muddy and also flanking the neighboring eastern 
base of the granite nucleus of the Park Range, the Red Beds only inter- 
vening. Crossing their outcrops, I passed over the Park Range into 
Egeria Park, where I found, at the western base of the range, as at its 


eastern base, the Red Beds resting upon the granite, and these in turn 


overlaid by the Dakota and Colorado Groups. 

The strata of the latter groups occupy nearly the whole of Egeria 
Park as well as an adjacent part of the valley of the Yampa, but they 
are here and there capped with basalt, consisting of shreds of the great 
sheet that once doubtless covered the whole region of the headwaters of 
the Yampa and White Rivers. The strata of the Colorado Group in 
the park and adjacent neighborhood consist largely of light-colored 
sandstones, often only slightly compacted. In some parts, however, the 
group here consists of the characteristic bluish sandy shales. 

After passing afew miles down the valley of the Yampa, we erossed 
over in a northwesterly direction, to Terrible and Sage Creeks. In the 
valley of the last-named creek, near the crossing of the wagon road, I 
found an exposure of Cretaceous strata. Judging from their lithological 


aspect I was at first disposed to regard them as belonging to the Colo-: 


rado Group, but the position of the outcrop, not more than 200 feet be- 
neath the base of the Laramie Group, the strata of which are seen in 
the adjacent hills, forbade such a reference. The exposure consists of 
about thirty feet in thickness of light-bluish, grayish, and dark earbon- 
aceous Shales, with occasional compact coneretions of calcareous and 
argillaceous rock. In these concretions I obtained the fossils of the fol- 
lowing list, most of which are of well-known species. 
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LIST OF CRETACEOUS FOSSILS COLLECTED ON SAGE CREEK, AN UPPER 


TRIBUTARY OF YAMPA RIVER, COLORADO. 


: 1. Caryophyllia egeria White. 


2. Lingula nitida Meek & Hayden. 
3. Pteria linguiformis Evans & Shumard. 
4, Inoceramus barabini Morton. 
5. Inoceramus pertenwis Meek & Hayden ? 
‘ Nucula planimarginata Meek & Hayden. 
. Thetis? cireularis Meek & Hayden. 

s Teredo ? (borings in fossil wood). 
9. Anisomyon centrale Meek. 

10. Baculites ovatus Say. 

11. Scaphites nodosus Owen. 


NOTES ON THE CRETACEOUS FOSSILS OF SAGE CREEK. 


The fossils of this list, unless otherwise stated, are described and fig- 
ured in vol. ix, United States Geological Survey of the Territories. 
1. Caryophyllia egeria White. 

This species was newly discovered with the fossils of the foregoing 
list, and is described and figured in another part of this volume, to- 
gether with the only other known species of this genus that has yet been 
discovered in American Cretaceous strata. The latter was discovered 
by Professor St. John, in strata of the Fox Hills Group, at Cimarron, N. 
Mex., and in similar argillaceous strata. This circumstance seems to 
be worthy of note, in view of the fact that the usual habitat of living 
corals is in the purest waters; and the comparatively pure calcareous 
strata that inclose most fossil corals indicate that similar conditions have 
always been essential to their abundant growth. Coming, as this species 
does, from near the top of the series of Fox Hills strata, it adds to other 
evidence that true marine conditions were continued up to the close of 
that epoch. 


2. Lingula nitida Meek & Hayden. 


A single example only of this species was found. Only one other 
species of the genus has been recognized in the Cretaceous rocks of the 
West, both having been first discovered in the Upper Missouri River 
region, and both are rare, but widely distributed. 

3. Pteria linguiformis Evans & Shumard. 

On a previous page of this report, this species has been noticed at 
some length. It is widely distributed, and ranges through both the 
Fort Pierre and Fox Hills Groups, in the Upper Missouri River region. 
4, Inoceramus barabini Morton. ; 

Scarcely any Cretaceous species has a wider range in Western. North 
America than this. Its vertical range is also through the Fort Pierre 
and Fox Hills Groups ef the Upper Missouri River region, and Mr. 
Meek has described a variety of it from the uppermost strata of the Fox 
Hills Group, at the mouth of Judith River. 

5. Inoceramus pertenuis Meek & Hayden. 


A couple of imperfect examples of Inoceramus were ind among the 
other fossils that seem to belong to this species, aithough it is possible 


_ they may belong to the I. vanuxemi of Meek & Hayden. "The last-named 


species has been found only in the Fort Pierre Group of the Upper Mis- 
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souri River region, and it also ranges low in the strata of the Fox Hills 
Group of Eastern Colorado. In view of the high position of these fossils, 
it seems probable that the examples in question belong rather to J. per- 
tenwis than to I. vanuxems. 


6. Nucula planimarginata Meek & Hayden. 

Several examples of this species were found here, all imperfect, but 
all showing characteristic features. It is always found to range high in 
the Fox Hills strata of Colorado. 

7. Thetis ? circularis Meek & Hayden. 

Two or three imperfect examples were found, which seem, from their 
external characteristics, to belong to this species, although they are all 
smaller than the type specimens. The latter also have been found only 
in the Fort Pierre Group of the Upper Missouri River region, while 
those in question hold a much higher position. 


8. Teredo ? 


These examples consist only of some borings in pieces of fossil wood | 
which have become filled with stony material; but they seem without 
doubt to have been made by a species of Zeredo or an allied mollusk. 


9. Anisomyon centrale Meek. 


A single example only of Anisomyon was found with the other fossils 
of this colleetion. It doubtless belongs to this species, although it shows 
a greater than the usual number of the irregular radiating grooves 
which characterize most of these forms. Figures of Meek’s types of this 
species are given in another part of this volume. 5 ors 


10. Baculites ovatus Say. 


In the notes upon this species on a previous page it was stated that 
its vertical range was not known to extend, either in the upper Mis- 
souri River region or in Hastern Colorado, to the uppermost strata of the 
Fox Hills Group. At the locality in question, however, as well as at 
another locality also west of the mountains, in the valley of White River, 
presently to be mentioned, it ranges not only into the uppermost strata 
of the Fox Hills Group, but it is there associated with species that 
especially characterize the uppermost strata of that group elsewhere. 


11. Scaphites nodosus Owen. 


Four or five examples of this species were obtained at the locality here 
diseussed, one of which possesses all the characteristics of the variety to 
which Mr. Meek gave the name of plenus. The others are by natural 
growth so much compressed laterally that they might be readily mis- 
taken for a separate species. They appear, however, to possess the es- 
sential characteristics of the form to which Mr. Meek gave the varietal 
name of quadrangularis, except that they want the flattened periphery, 
bordered by numerous small nodes, which characterizes his type of that 
variety. 

While discussing the fossils of the Fox Hills Group, which were col- 
lected east of the mountains in Colorado, it was shown that certain of 
the species characterize certain horizons in the great group. For ex- 
ample, certain species that are found only in the Fort Pierre Group of 
the Upper Missouri River region, are found only at a correspondingly 
low horizon in the consolidated Fox Hills Group as it is developed in 
Eastern Colorado. Also, that the species which characterize the upper- 
most Fox Hills strata in one of those regions are, as a rule, equally 
characteristic of corresponding strata in the other. While these facts 


WHITE. ] LARAMIE FOSSILS OF YAMPA VALLEY. 207 


are very valuable for general application, the known great vertical range 
of some of the species makes it impracticable to place implicit reliance 
upon any single species as indicating a definite limited horizon within 
‘the group. The following comparisons and references will show how far 
the paleontological indications agree with the known stratigraphical 
position of the fossils in question. According to our present knowledge 
of the range of the species of the Fox Hills Group, the presence of 
Scaphites nodosus among these fossils indicates for them a low horizon in 
the Fox Hills Group, as does also Thetis? circularis, if that species has 
been correctly identified. _ 

On the other hand, all the others may be regarded as ranging through 
the whole upper half of the Fox Hills Group in Colorado, and some of 
them below it, including Baculites ovatus, which, as before stated, ranges 
higher upon the west side of the Rocky Mountains than it is known to 
do upon the east side. Besides this, Inoceramus pertenuis, which is 
doubtfully identified here, is a species hitherto known only in the upper- 
most strata of the Fox Hills Group in the Upper Missouri River region; 
and a variety of I. barabini also exists in the same strata. Summing 
up the whole paleontological evidence then, it is seen that while it is 
suggestive of a lower horizon, there is nothing to prove that the strata 
containing these fossils may not really belong, as they appear to do, to 
the uppermost portion of the Fox Hills Group. Therefore we need not 
assume that the strata of the last named group were in any degree re- 
moved by erosion in this neighborhood before the deposition of the 
Laramie strata. Careful examination at the junction of the two groups 
in the neighboring hillsides also failed to discover any plane of demark- 
ation between them. ‘This fact has the same general application in this 
region west of the mountains that it was found to have at their eastern 
base. 

No other fossiliferous horizons were found in this neighborhood, either 
in the Fox Hills or Laramie Groups. My journey led me down the val- 
ley of the Yampa, during which I passed much of the way over Laramie 
Strata, as determined by their stratigraphical position and character- 
istics, as far down as opposite the confluence of Williams River before 
I found any fossils to confirm those previous conclusions. From this point 
to one about seven miles below, in the north valley side of the Yampa, 
I found somewhat frequent exposures of fossiliferous layers, the prin- 
cipal of which was found in Cafion Park, a portion of Yampa Valley. 
The fossils collected here will be treated as from one locality, because 
they are practically upon one horizon and essentially the same species 
of fossils occur at each locality, except two or three limited ones, where 
no others besides the Ostrea were found. 


LIST OF LARAMIE FOSSILS COLLECTED IN YAMPA VALLEY, NEAR 
CANON PARK, NORTHWESTERN COLORADO. 


Ostrea glabra Meek & Hayden. 

Anomia micronema Meek. 

Anomia gryphorhynchus Meek. 

. Volsella (Brachydontes) regularis White. 
. Corbicula occidentalis Meek & Hayden. 
. Corbicula (Leptesthes) fracta Meek. 

. Corbula subtrigonalis Meek & Hayden. 
Neritina volvilineata White. 

. Melania wyomingensis Meek. 

Viviparus plicapressus White. 
Campeloma multistriata Meek & Hayden. 


PY 
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NOTES ON THE LARAMIE FOSSILS OF YAMPA VALLEY. 


The fossils of this list occupy a distinct horizon of limited vertical ex- 
tent and probably not more than four or five hundred feet below the 
top of the Laramie Group. The Ostrea, however, appears to have a 
greater vertical range than the other fossils of the list do, as I found a 
few examples of it in different places, from one to two hundred feet be- 
low the horizon of the other species. All the species appear to be inti- 
mately associated together, except that the gasteropods appear to be 
mainly or wholly confined to a single layer, but that layer has other 
layers containing the other fossils, both above and below it. 


1. Ostrea glabra Meek & Hayden. 


Most of the specimens of this species which were obtained in Yampa 
Valley are comparatively large, massive shells, being fully adult. They 
are in all respects like those which have been obtained from the same hori- 
zon at Point of Rocks, something more than 100 miles to the northwest- 
ward, and which were deseribed by Meek as O. wyomingensis. It has been 
shown on a previous page that in the Laramie strata of Eastern Colo- 
rado intermediate forms are found associated with typical forms of O. 
glabra and O. wyomingensis that connect these two types unmistakably. 
I therefore retain the name O. glabra as having priority of date, although 
it is seldom that any specimens are found in the Laramie strata west of 
the Rocky Mountains that closely resemble the types of O. glabra which 
were selected for illustration by Meek and Hayden. This species is ex- 
tremely variable, even for one of the genus Ostrea, and there is much 
reason to believe that not only O. glabra Meek & Hayden, O. subtrigo- 
nalis Evans & Shumard, O. wyomingensis Meek, as already suggested, 
but O. arcuatilis Meek and O. insecura White also belong to one and the 
same species. But this subject will be further referred to in connection 
with a discussion of the collections made in the valley of Bitter Creek. 


2. Anomia micronema Meek. 


The specimens of this species which were obtained in Yampa Valley 
have a smaller average size than those which were obtained from the 
Laramie strata east of the Rocky Mountains, and smaller also than those 
found at Rock Springs in the valley of Bitter Creek, which occur there 
at a somewhat lower horizon in the Laramie series; but they are doubt- 
less specifically identical at all these localities. See further remarks 
under the head of notes on the Learnt fossils of Crow Creek on a pre- 
vious page. 


3. Anomia gryphorhynchus Mone 


Two or three examples only of this species were found in the Yampa 
Valley. It is a rare species at all places except the original locality in 
Bitter Creek Valley. See further remarks under the head of notes on 
the Laramie fossils of Crow Creek and Bitter Creek Valleys. 


4, Volsella (Brachydontes) regularis White. 


A couple of fragments only of this species were obtained in Yampa 
Valley, where they were found mingled with the shells of Ostrea and 
Corbicula. ‘The type specimens were found in the valley of Crow Creek, 
under which head the species is more fully noticed; but it has been recog- 
nized at several places west of the Rocky Mountains in Colorado and 
Wyoming. 

5. Corbicula occidentalis Meek & Hayden. 


This species was originally described by Meek & Hayden from the 
Judith River Group in the Upper Missouri River region, and it is also 


waITE.] — LARAMIE FOSSILS OF YAMPA VALLEY. 209 


described and illustrated in vol. ix of the United States Geological Sur- 
vey of the Territories. It is quite abundant at some places in the valleys 
_of the Yampa and Bitter Creek, in the upper portion of the Laramie Group ; 
but although the genus is so well represented east of the mountains in Col- 
_ orado, this species is not known there. I have at present no doubt of the 
identity of these Northwestern Colorado and Southern Wyoming forms 
with the typical forms of the species. There is a possibility that this 
species is also identical with C. cytheriformis Meek & Hayden, originally 
obtained from the same group and region; but as the differences between 
the two forms there, as represented by Meek, are repeated in the valley 
of Bitter Creek, as will be shown on a subsequent page, I prefer at pres- 
ent to regard them as separate species. (. occidentalis is a somewhat 
_ variable species, and the shell described by Mr. Meek in the An. Rep. 
U.S. Geol. and Geog. Surv. Terr. for 1872, p. 513, as C. Bannisteri, is 
no doubt specifically identical with it. This view is confirmed by find- 
ing forms that are not distinguishable from the type specimen of the 
latter form among those that are not-distinguishable from C. occidentalis, 
and also with associated forms that connect the two. This subject will 
_ be further discussed under the head of notes on the Laramie fossils of 
_ the Bitter Creek Valley. 


6. Corbicula (Leptesthes) JSracta Meek. 


A few imperfect but unmistakable examples of this species were found 
at the locality in question. ‘The species has been discussed under the 
head of notes on the Laramie fossils of Crow Creek Valley, and it will 
be further noticed in connection with the Laramie fossils of bitter Creek 
Valley. 


7. Corbula subtrigonalis Meek & Hayden. 


This is one of the most widely distributed species of the Laramie 
Group, and it has also a considerable vertical range. It was found as- 
sociated with the two foregoing species in Yampa Valley. Under the 
head of notes on the Laramie fossils of Crow Creek Valley, its charac- 
teristics, distribution, and synonymy are briefly discussed. It is known 
to occur at two separate horizons in the valley of Bitter Creek, and will 
be further discussed in connection with the fossils of that district. 


8. Neritina volvilineata White. 


This species has hitherto been found only west of the Rocky Moun- 
tains, the only other locality being near Black Buttes station in the val- 
ley of Bitter Creek, where the species was originally discovered. The 
horizon at both localities is practically the same and near the top of the 
Laramie Group. Most of the specimens found in Yampa Valley are 
considerably larger than the types, but they are without doubt specifi- 
cally identical. The species was first described in Powell’s Report on 
the Geology of the Uinta Mountains, p..131. 


9. Melania wyomingensis Meek. 


A few imperfect examples only of this species were obtained in Yampa 
Valley. Its horizon here is practically the same as at Black Buttes Sta- 
tion in Bitter Creek Valley, where it was first discovered, namely, near 
the top of the group: Its great geographical distribution and vertical 
range have already been referred to, and will be still further discussed 
on subsequent pages. 


10. Viviparus plicapressus White. 
This species, like its associate, Neritina volvilineata, has yet been found 
_ only at Black Buttes Station in Bitter Creek Valley, and in the valley 
1468 
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of the Yampa, the horizon being practically the same at both localities. 
Tt was first described in Powell’s Report on the Geology of the Uinta 
Mountains, p. 133. 


~ 11. Campeloma vetula Meek & Hayden. 

A couple of imperfect specimens only of this species were discovered 
in the valley of the Yampa, but they are doubtless identical with those 
at Black Buttes Station, which I have identified with this species. It was 
originally discovered in the Judith River beds of the Upper Missouri 
River region, and is described and figured in vol. ix of the United 
States Geological Survey of the Territories. 

As has before been stated, with the exception of the greater range of 
the Ostrea, the Laramie fossils found in the valley of the Yampa have 
there a very limited vertical range, probably not exceeding ten or fifteen 
feet. It was also stated that this horizon is within four or five hundred 
feet of the top of the Laramie Group. As shown by its fossils and po- 
‘Sition it is plainly equivalent with the principal fossiliferous horizon at 
Black Buttes, Hallville, and Point of Rocks Stations in the valley of Bit- 
‘ter Creek, about 100 miles to the northwestward of the Yampa Valley 
locality ; which horizon is also known to be comparatively near the top 
of the Laramie Group in that region. 

With a view to learning all that can be known concerning the junction 
of this group with the Wasatch Group above it, I spent two days in the 
vicinity of the north side of Yampa Valley, searching for a plane of 
demarkation between the two groups, but wholly without success. As 
a rule, one is usually able to recognize their respective identity with- 
out difficulty, by general lithological characteristics; and the fossils of 
each, when found, leave no doubt as to which of the two groups the 
strata containing them belong. The differences of lithological charac- 
ter, however, are so little anywhere within a limited vertical range as to 
offer no suggestion of a boundary plane between formations where I 
examined them in this region; and, so far as I could discover, all the 
strata between those which contain characteristic Laramie fossils and 
those that contain characteristic Wasatch fossils are strictly conforma- 
‘ble: It is in view of these facts that I reached the conclusion that what- 
ever of catastrohpal or secular changes may have taken place elsewhere 
‘to interrupt sedimentation and mark a boundary between the strata of 
the Laramie and those of the Wasatch Group or their equivalents (and 
‘such are known to have taken place), in this region at least, sedimenta- 
tion was continuous from the one epoch to the other. This fact, if it be 
such, has a most important bearing upon the geological history of the 
North American continent, and which will be discussed on following 
pages. 

The region of the valleys of the Yampa and White Rivers is an im- 
portant one as regards the development of the Laramie and Fox Hills 
‘Groups west of the Rocky Mountains, and for an account of its geologi- 
eal structure I refer to my report for 1876, together with maps published 
by this survey, and to King’s geological map of the Green River Basin, 
published in advance of his report. 

Proceeding down the valley of Yampa River to the vicinity of Yampa 
Mountain, I made some examinations of the Fox Hills strata, and ob- 
servations concerning their connection with the Laramie Group. The 
only invertebrate fossils I found in the neighborhood of that mountain 
were some fragments of Inoceramus barabint Morton, I. vanuxemi Meek 
& Hayden, and Baculites ovatus Say. They were found in the neighbor- 
hood of the south end of the mountain in upturned strata of the Fox 
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Hills Group, estimated to be about twelve hundred feet above its base. 
In the overlying strata of the Laramie Group near by I found an abun- 
dance of fragments of plants, but they were too imperfect for specitic 
identification. 
Crossing the axial flexure southeastwardly, in the direction of White 
_ River Indian Agency, I next examined the Laramie strata among the 
_ Danforth Hills. As shown in my report for last year, the strata of the 
_ Laramie Group have in this region an aggregate thickness of 3,500 feet; 
and I am now inclined to regard its thickness as above rather than below 
that estimate. This is somewhat remarkable when we remember the 
limited thickness of the group east of the Rocky Mountains, but the 
_ thickness of the western Laramie strata is nowhere known to be greater 
_ than that of those which are referred to the Laramie Group in Middle 
_ Park. I obtained invertebrate fossils from two separate horizons of the 
Laramie Group in the Danforth Hills, one of which is near the top, and 
exactly equivalent with the fossiliferous horizon in the valley of the 
Yampa, some twenty miles to the northward; and the other is 200 to 
400 feet above its base; the two horizons being about 3,000 feet apart. 
The upper horizon I found exposed in the gentle synclinal at the eastern 
‘end of the Danforth Hills, about twelve miles due north from the White 
River Indian Agency, and the lower one about four miles farther west- 
ward. The only species found at the upper horizon in the Danforth 
-Hills is Ostrea glabra, the species which is so abundant at the same 
horizon in Yampa Valley and elsewhere; but those of the lower horizon 
are more numerous and very instructive, as the following list will show: 


Se 


LIsT OF THE LARAMIE FOSSILS FOUND IN THE DANFORTH HILLS, 
NORTHWESTERN COLORADO. 


. Anomia micronema Meek. 

. Volsella (Brachydontes) regularis White. 
. Volsella (Brachydontes) laticostata White. 
Nuculana inclara White. 

Corbicula cytheriformis Meek & Hayden. 
Corbicula 2 

Corbicula (Leptesthes) fracta Meek. 
Corbula wndifera Meek. 

. Melania wyomingensis Meek. 

. Odontobasis? formosa White. 

. Cytherina? 

. TLeliost fish-scales. 


RE Bown sopeE 


NOTES ON THE LARAMIE FOSSILS OF DANFORTH HILLS. 


1. Anomia micronema Meek. 


The examples of this species are small, as they are in the valley of the 
Yampa. They are preserved in the form of casts in the compact reddish 
shale that contains all the fossils of this locality, and show the numerous 
radiating lines which characterize the species very distinctly. The dis- 
tinctness and arrangement of these lines in some of the examples strongly 
recall the appearance of Orthis or Hemipronites when preserved under 
similar conditions in paleozoic rocks. The occurrence of this species 
here, as well as at the other localities already mentioned, shows that its 
vertical range is practically through the whole great thickness of the 
Laramie Group. 
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. Volsella (Brachydontes) regularis White. 


Ze fragments of this species were found at this locality, but they 
seem certainly to be specifically identical with the type specimens from 
the valley of Crow Creek, east of the Rocky Mountains, and also with 
those that have been identified with them elsewhere west of the mount: 
ains. It is described in the Bulletin of the United States Geological 
and Geographical Survey of the Territories, vol. iv, p. 707. 


3. Volsella (Brachydontes) laticostata White. 


This species has been recognized at no other locality. It is vkon S. 
in the same article with the preceding species. 


4, Nuculana inclara White. 


Peculiar interest is attached to this species, not only because it is the 
first one of the genus and family to which it belongs that has been dis- 
covered in the strata of the Laramie Group, but because the whole 
family is regarded as a purely marine one; while all the other species 
yet discovered in this group, with perhaps the exception of Odontobasis, 
are regarded as of either brackish or fresh water origin. Only two ex- 
amples were found, but the condition of their preservation is such that 
their generic identity is not doubted. It is described in the Bulletin 
of the United States Geological and Geographical Survey of the Terri- 
tories, vol. iv, p. 708, and it has been discovered at no other locality. 
‘Its own characters, and being also associated with No. 10 of this list 
(which is probably another marine form) near the base of the Laramie 
Group, seem to suggest that marine saltness of the waters was preserved 
in some places for some time after the peculiar conditions of the Laramie 
' period were introduced. This suggestion is somewhat strengthened by 
the fact that Odontobasis buccinoides White holds in the valley of Bitter 
Creek a position considerably below the principal fossiliferous horizon 
there, in which both fresh and brackish water forms are found, but none 
whose living congeners are exclusively marine. It is a singular fact, 
however, that i in both these layers containing marine types specimens of 
Melania were found; but this subject will be discussed at some length on 
subsequent pages. 


5. Corbicula cytheriformis Meek & Hayden. 


The specimens which I have referred to this species are imperfect, and 
in the form of casts in the compact reddish shales which contain all the 
fossils of this locality. A couple of the examples found here indicate a 
larger size than any of those which have been identified with this species 
from Bitter Creek Valley, but not larger than the types of Meek & Hay- 
den. These were discovered by Dr. Hayden in the Judith River beds 
ot the Upper Missouri River region, and are figured and described in 
vol. ix of the United States Geological Survey of the Territories. 


6. Corbicula 2 


These shales contain casts of another species of Corbicula which seems 
to be different from any described form, but because those examples are 
_ yet known only in the form of casts, and are probably not fully adult, 
they are not specifically named. They resemble young examples of C. 
planumbona Meek. 


7. Corbicula (Leptesthes ) fracta Meek. 

Casts of this species were also found here, which are interesting as 
showing that it began its existence early in the Laramie period. Here- 
tofere it has been found only in the upper portion of the Laramie Group, 
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west of the Rocky Mountains; but its position east of the mountains 
is apparently near the base of the group. 
8. Corbula undifera Meek. 

This species was described by Meek in the Annual Report of the 
United States Geological and Geographical Survey of the Territories 
for 1872, p. 513, from the Laramie strata at Rock Springs in the valley 
ot Bitter Creek. In Powell’s Report on the Geology of the Uinta Mount- 
ains, p. 129, | described another form under the name of C. subundifera 
trom a higher horizon of the Laramie strata of the same valley, which I 
now regard as only a variety of Mr. Meek’s species. The original variety ~ 
has been found only at Rock Springs and at the Danforth Hills locality. 
The variety subundifera was originally found at Point of Rocks in 
bitter Creek Valley, and I have also recognized it among some fossils 
brought trom Upper Kanab, Southern Utah, by Professor Powell. The 
two varieties thus seem to be quite constant. 


9. Melania wyomingensis Meek. 


The wide geographical distribution of this species, as well as its char- 
acteristics, has already been commented on under the head of notes on 
the Laramie fossils of Crow Creek: Valley. Its occurrence here not only 
adds to our knowledge of its distribution, but also to that of its vertical 
range in the Laramie Group. Its position at the original locality in 
Bitter Creek Valley, and also at that of Yampa Valley, is near the top 
of the group. At the Danforth Hills locality its position is near the 
base of the group, showing the known vertical range of the species to 
be about 3,000 feet. It is a noticeable fact that all the associates of this 
species at the Danforth Hills locality are brackish-waiter, or perhaps in 
part marine species, none being purely or exclusively of fresh-water habi- 
tat. Itis alsoa singular fact that while other fresh-water forms are some- 
times associated with it, some of its associates at all the localities where it 
has been discovered are brackish-water forms, or those that may have 
inhabited both fresh and brackish waters. The characteristics of the 
shell are such as to scarcely admit of a doubt that it is either a true 
Melania or a very closely allied form. 


10. Odontobasis ? formosa. 


Only a single example of this species was discovered. It is imperfect, 

and perhaps does not belong to that genus, to which it is referred pro- 

_visionally. It is published in the Bulletin of the United States Geolog- 
ical Survey, vol. iv, p. 718, and also in this volume, with a figure. 


11. Cytherina? 


' In the fine-grained indurated reddish shales of this locality are nu- 
merous casts of an Ostracoid crustacean which I refer provisionally to 
Cytherina. These are the first examples of that order of crustaceans, 
so far as I am aware, that have been discovered in strata of the Laramie 
Group. 

12. Fish remains. 

A few cyeloid scales were also found in these shales, which, except a 
few similar examples found in Bear River Valley, are the only fish re- 
mains discovered by myself in Laramie strata; but there seems to be no 
reason why fishes may not have existed abundantly during that period. 

The absence of the Ostrea here is noticeable, and is probably due to 
the uncongeniality of habitat that was produced by the fine sediment 
which now constitutes the shales. 0. glabra was found further down the 
valley of White River in strata fully as near the base of the group as 
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these shales are, and that species is therefore known to have as great a 
vertical range as any of the other species of the group. 

The Laramie Group of this district is made up of sandstones and 
sandy shales, with occasional layers of clayey shales, which toward the 
base are reddish in color, indurated, fine-grained, and fissile. There are 
also several beds of coal or lignite i in the group as developed in this re- 
gion, one being near the horizon of the fossils of the foregoing list and 
another near that of the fossils collected from the upper strata of the 
group in Yampa Valley. Besides this, comminuted fragments of plants 
are very common in almost all the strata from base to top of the group, 
and in some of the layers they are very abundant. 

dn the Danforth Hills, and also extending far down White River Val- 
ley, and over to Yampa Valley, the strata of nearly the whole group 
have a decided reddish aspect, which often appears as if produced by 
heat. The fossils of the foregoing list were all collected from the reddish 
fissile shales before mentioned, about fifteen miles northwestward from 
White River Indian Agency, mostly about 400 feet above the base of the 
group, and I found fragments of a part of the same species three miles to 
the southward of that locality, some 300 feet lower in the series, or within 
100 feet of the base. About 200 feet beneath these lowest Laramie fossils 
I obtained some characteristic fossils of the Fox Hills Group, which will 
be discussed on following pages. The plane of division between these 
two groups is of course between these two fossiliferous layers, which are 
only ~200 feet apart. No unconformity of any of these strata could be 
detected, nor is there any abrupt change from the lower to the higher 
group; yet viewing the strata as they are abundantly exposed in the 
hillsides of the district, one has little difficulty in tracing a sufficiently 
distinct line of division by the aspect of the strata. This difierence of 
aspect is due mainly to the greater thinness of the layers that compose 
the strata which are referred to the Laramie Group, and also to a per- 
ceptible ditference of color. 

The remaining investigations of the Laramie Group for this season, 
(except those of the peculiarly developed portion of the group at the 
western part of Green River Basin) were made near its close in the valley 
of Bitter Creek, in Southern Wyoming, from 100 to 125 miles north- 
westwardly from the Yampa and White River localities. As the faunz 
of the two districts are intimately related, I shall depart from the course 
of my journey to discuss, in immediate connection with the foregoing, 
the Laramie Group and its fossils as developed in the valley of Bitter 
Creek, and then return to the Fox Hills Group, in the valley of White 
River, and follow the line of my journey to its close. 

In the valley of Bitter Creek, a tributary of Green River, the whole 
series of Laramie strata is twice exposed, once on each side ‘of a broad 
anticlinal flexure, called by Professor Powell the Aspen Mountain Up- 
lift. Fossils were obtained from them on both sides of the fold, but they 
all come apparently from the upper half of the series, although they occur 
at several distinct fossiliferous horizons. My examinations s began i in the 
valley of Bitter Creek, just west of the village of Rock Springs, where 
the uppermost strata of the group occur, the dip being to the westward. 
I made careful examination here, as well as formerly + in Yampa Valley, 
for a plane of demarkation between the Laramie and Wasatch Groups, 
but without success. I rode back and forth, on the western side of the 

valley, over the upturned edges of the strata between two fossiliferous 
horizons containing characteristic fossils of each group respectively, and 
I could nowhere find a plane of demarkation or any particular lay ers 
suggestive of a plane of separation between the two groups. 
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_ The uppermost fossiliferous layer of the Laramie Group, doubtless 
equivalent with the fossiliferous horizon both at Point of Rocks Station 
and in Yampa Valley, was found in the hill just west of the village of 
Rock Springs, where I obtained only one species, Ostrea glabra Meek & 
Hayden. The fossils of the following list were obtained at other and 
lower horizons in the group just east of the village: 


LIST OF LARAMIE FOSSILS COLLECTED AT ROCK SPRINGS, WYOMING. 


1. Ostrea glabra Meek & Hayden. 

2. Anomia micronema Meek. 

3. Volsella (Brachydontes) regularis White. 
4. Corbula undifera Meek. 

5. Melania insculpta Meek. 


No other fossils were obtained from the Laramie strata on the west 
side of the Aspen Mountain Uplift, but important collections were made 
from them at three localities upon the east side. The first of these local- 
ities is about two miles below or west of Point of Rocks Station, where 
the following fossils were obtained : 


“LIST OF LARAMIE FOSSILS FROM BITTER CREEK VALLEY, TWO MILES 
_ WEST OF POINT OF ROCKS STATION, WYOMING. 


. Ostrea glabra Meek & Hayden ? 

. Anomia gryphorhynchus Meek. 

. Corbicula cytheriformis Meek & Hayden. 

. Corbula subtrigonalis Meek & Hayden (=O. tropidophora Meek). 
. Melania insculpta Meek. 

. Odontobasis buccinoides White. 


The exposure here is only a very limited one of asingle stratum of fos- 
siliferous rock, being the same as that from which Mr. Meek collected his | 
type specimens of Anomia gryphorhynchus. The position of this fossilif- 
erous horizon in the Laramie series is probably about the same as that 
just east of the village of Rock Springs, although most of the fossils are 
of different species. 

The fossiliferous horizon at Point of Rocks station, two miles farther 
up the creek, holds a position several hundred feet above the one in ques- 
tion. Just how much higher in the series it belongs could not be ac- 
curately known, because there is an unconformity of the strata between 
the two horizons. This unconformity is evidently of limited extent in 
this district and has probably not greatly affeeted the aggregate thick- 
ness of the whole group. I could find no trace of it in the Laramie strata 
of the valleys of Yampa and White Rivers, but Professor Powell has re- 
ported it to exist elsewhere, and upon it he made the division between his 
Point of Rocks and Bitter Creek groups. IL adopted his views in this re- 
spect in my report upon his collections, in the third chapter of his Report 
on the Geology of the Uinta Mountains; and also in my Paleontological 
Papers Nos. 2, 3, and 5 in the Bulletin of the United States Geological 
and Geographical Survey of the Territories. Subsequent investigations, 
however, show that the paleontological characteristics of the strata 
above and below this unconformity are too nearly identical to admit of 
their separation as belonging to separate epochs, even if that uncon- 
formity were general instead of local. 

The fossiliferous horizon at Point of Rocks station is the uppermost 
one of the group that is yet known, and is essentially the same as that 


> Oue Cobo 


216 REPORT UNITED STATES GEOLOGICAL SURVEY. 


at Black Buttes station, twelve miles farther up the creek, and also the 
same as that in the valley of the Yampa. At Point of Rocks it com- 
prises two layers containing the fossils, separated by 50 feet of strata 
in which none were found. Only Corbula subundifera White and Cam- 
peloma vetula Meek & Hayden were found in the lower layer, and the 
remainder of the following list were obtained from the upper layer. 


LIST OF LARAMIE FOSSILS COLLECTED AT POINT OF ROCKS STATION, 
WYOMING. 


. Membranipora ? 
. Ostrea glabra Meek & Hayden. 
. Corbicula occidentalis Meek & Hayden. 
. Corbula subundifera White. 
. Campeloma vetula Meek & Hayden. 

The layers that have furnished the important collections of plant re- 
mains at Point of Rocks station, which have been deseribed by Mr. Les- 
quereux, were found to be lower in the Laramie series than those which 
‘furnished the fossils of the foregoing list, and they are also below the 
unconformity that has been referred to. Proceeding up the valley of 
Bitter Creek the horizon of the invertebrate fossils was once or twice- 
detected by some scattered fragments of oyster-shells, but no impor- 
tant collections were made until I reached Black Buttes station, some 
twelve miles to the southeastward. I stopped on the way at the Hall- © 
ville mines where Mr. Meek had formerly obtained. some Laramie fos- 
suls, but as the mines had been abandoned I was unable to make any 
collections. The strata of the Black Buttes locality were found to 
contain fossils for a considerable distance both above and below the rail- 
road station and upon both sides of the creek, the principal locality be- 
ing about a mile south of the station. 


OR WH 


LIST OF THE LARAMIE FOSSILS COLLECTED AT BLACK BUTTES STA- 
. TION, WYOMING. 


. Anomia micronema Meek. 

. Anomia gryphorhynchus Meek. 

. Ostrea glabra Meek & Hayden. 

. Unio couesi White. 

. Unio propheticus White. 

. Unio aldricht White. 

. Unio proavitus White. 

. Unio holmesianus White. 

. Unio endlicht White. 

. Unio cryptorhynchus White. 

. Unio brachyopisthus White. 

12. Unio goniambonatus White. 

13. Unio dane Meek & Hayden. 

14. Corbicula occidentalis Meek & Hayden. 
15. Corbicula (Leptesthes) fracta Meek. 
16. Corbula subtrigonalis Meek & Hayden. 
17. Neritina volvilineata White. 

18. Neritina ( Velatella) baptista White. 
19. Goniobasis gracilienta Meek & Hayden. 
20. Cassiopella turricula White. 

21. Melania wyomingensis Meek. 

22. Viviparus plicapressus White. 
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23. Tulotoma thompsoni White. 
24. Campeloma vetula Meek & Hayden. 
25. Campeloma multilineata Meek & Hayden? 


NOTES ON THE LARAMIE FOSSILS OF BITTER CREEK VALLEY. 


. As the fossils of the different localities in Bitter Creek Valley are so 
closely related they will all be discussed in zoological order in the follow- 
_ ing notes instead of treating those of each locality separately. 


1. Membranipora? 


_ Upon many of the shells of Ostrea glabra Meek & Hayden (=O. wyo- 

-mingensis Meek), which were obtained at Point of Rocks, there are small 
patches of an imerusting Polyzoan. None of them are quite perfectly 
preserved, but they are evidently the calcareous cell-bases of a species 
of Membranipora or of a closely allied genus. I have detected similar 
' objects at no other locality of Laramie fossils except in the valley of 
_ Bear River, but there seems to be no good reason why they may not 
_ have existed with any of the many brackish-water species of that period. 
' They are interesting as indicating the continuance of a. considerable 
_ degree of saltness of the waters until near or quite the close of the Lara- 
mie period. 


2. Anomia micronema Meek. 


This species has already been discussed upon previous pages as to its 
geographical distribution and vertical range in the Laramie Group. A 
few small examples of it were found at the Black Buttes locality, and 
it was also found quite abundantly at the Rock Springs locality, but 
nowhere else in Bitter Creek Valley. At both those localities it was 
found in a separate layer associated only with Ostrea glabra. At the 
Rock Springs locality the examples are of good size, and.many of them 
have a greater than the average convexity of form. 

At none of the numerous localities where this species has been found, 
from the one reported by Dr. Hayden, two hundred miles east of Denver, 
to those of Bitter Creek Valley, none but upper valves have been discov- 
ered. It is very difficult to even suggest an explanation of this remarka- 
ble fact, which has before been referred to. 


3. Anomia gryphorhynchus Meek. 


The locality two miles below Point of Rocks is the only one that has 
furnished many examples of this species, although it has been clearly 
recognized at the Crow Creek locality east of the Rocky Mountains, and 
also at the Black Buttes and Yampa Valley localities. This shows a 
wide geographical distribution and a considerable vertical range of the 
species. As in the case of A. micronema, none but upper valves of this 
species have been found. 


4. Ostrea glabra Meek & Hayden. 


This species has already been discussed at length on former pages, and 
reasons given for referring these western forms to O. glabra Meek & Hay- 
den rather than to regard them as a separate species under the name of 
O. wyoningensis Meek, the types of which were found at Point of Rocks. 
If it were not for the lately obtained proof that the Judith River, Fort 
Union, Colorado Lignite and Bitter Creek series all belong to one and 
the same period, and the discovery of intermediate forms connecting 
these two formerly recognized species of Ostrea, it is not probable that I 
should have ever suspected them to be distinct. The lack of intermediate 
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forms west of the mountains like those which were found in Eastern 
Colorado is suggestive that*there may after all be really two species, 
especially so since only thin, small examples are found at the locality 
two miles west of Point of Rocks. In Professor Powell’s Report on the 
Geology of the Uinta Mountains I gave the name of O. insecuris to these 
last-mentioned examples, but comparison of my types directly with those 
‘of O. glabra shows too little difference to be satisfactorily regarded as 
specific. Comparison of large collections made at the typical localities, 
Point of Rocks and Black Buttes Station, with the types themselves, 
leaves no doubt in my mind that O. wyomingensis Meek and O. arcuatilis 
Meek are specifically identical. It will of course be understood that I 
regard such forms as the types of O. glabra Meek & Hayden, O. subtri- 
gonalis Evans & Shumard, and O. insecuris White as young examples of 
the species, and O. wyomingensis Meek as adult forms of the same. By 
these and other remarks on previous pages it will be seen that at present 
I recognize only one species of Ostrea in all the Laramie Group, unless 
the obscure one that is found in Bear River Valley, yet to be noticed, 
shall prove to be distinct from O. glabra. 


5. Volsella (Brachydontes) regularis White. 

A few large but imperfect examples of this species were found just 
east of Rock Springs, which is the only locality in Bitter Creek Valley, 
at which it was discovered. See further remarks under the head of notes 
on the Laramie fossils of Crow Creek Valley. 


6. Unio couesi White. 


This is one of nine or ten species of Unio that have been found asso- 
ciated in one and the same layer at Black Buttes Station, and also asso- 
ciated with Corbicula (Leptesthes) fracta, Neritina velvilineata, Neritina 
( Velatella) baptista and Melania wyomingensis. None of these species of 
Unio have been discovered at any other locality west of the Rocky Mount- 
ains, but two of them, U. cryptorhynchus White and U. dane Meek & 
Hayden, have been somewhat satisfactorily identified with the typical 
forms from the Upper Missouri River region. This is the largest species 
of the genus that has yet been found fossil in any strata of the West. It 
was originally described by me under the name of U. petrinus in Powell’s 
Report on the Geology of the Uinta Mountains, p. 125, together with 
Nos. 7 and 8 following. That name being preoccupied, it was changed 
to U. cowest, in Bull U.S. Geol. and Geog. Sur. Terr., vol. iii, p. 605. 

7. Unto propheticus White. 


8. Unio brachiopisthus White. 
9. Unio proavitus White. 


This species, together with Nos. 10 and 11 following, are described in 
Bull. U.S. Geol. Sur. Terr. vol. iii, pp. 603 and 604. 


10. Unio holmesianus White. ¥ ; 
11. Waprenaliohi White. } See remarks under No. 6. 
12. Unio aldrichi White. 


This species, together with No. 13 following, are described in Bull. U. 
S. Geol. Sur. Ter. vol. iv, pp. 709 and 710. 
13. Unio goniambonatus White. 

See remarks under No. 6. 
14. Unio cryptorhynchus White. 


Some imperfect examples found associated with the foregoing species 
appear to be specifically identical with the types of U. cryptorhynchus 


\ See remarks under No. 6. 
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which were collected by Prof. E. D. Cope from the Judith River beds of 
the Upper Missouri River region. It is described in Bull. U.S. Geol. 
and Geog. Sux. Terr. vol. iii, p. 600. 
15. Unio dane Meek & Hayden? 

Several well-preserved examples were obtained with the other species 


of Unio at Black Buttes Station that have much the form of the living 


species U. rectus. They appear, however, to be too nearly related to, if not 
specifically identical with, U. dane Meek and Hayden to warrant any other 
reference at present. . 


16. Corbicula occidentalis Meek & Hayden. 


The possible identity of this species with the following has already 
been referred to, but the two forms although closely related are (when 
studied by numerous specimens of each form from Bitter Creek Valley) 
quite readily distinguishable. The two forms are also from two separate 
horizons, C. occidentalis being found only in that of Point of Rocks and 
Black Buttes Stations, and C. eytheriformis only in that of the locality 
two miles below Point of Rocks. C. bannisteri Meek, as has already been 
stated, is regarded as only a variety of C. occidentalis. This species is 
quite abundant in the principal oyster layer at Point of Rocks, and is 
similarly associated at the Yampa Valley locality. Among some collec- 
tions brought by Professor Powell from Upper Kanab, Utah, are some 
examples that appear to belong to this species. It has not been recog- 
nized east of the Rocky Mountains in Colorado. 


17. Corbicula cytheriformis Meek & Hayden. 


Many well-preserved examples of this species were obtained at the 
locality two miles below Point of Rocks. They are of smaller average 
size than the types of the species, but they seem to be specifically iden- 
tical. This species was not recognized east of the Rocky Mountains in 
Colorado, and only doubtfully so in the Danforth Hills, which is the only 
other locality at which it has been recognized west of the Rocky Mount- 
ains. 


18. Corbicula (Leptesthes) fracta Meek. 


A single layer at Black Buttes Station contains this species in great 
abundance, and it was here and at Hallvile, four miles distant, that Mr. 
Meek obtained the types of this species and of the subgenus Leptesthes. 
Its geographical distribution is about the same as that of Melania wyomin- 
gensis, and its vertical range apparently through the whole thickness of 
the Laramie Group. For further remarks on this subject see notes on 
the Laramie fossils of Crow Creek Valley. 


19. Corbula undifera Meek. 


The typical forms of this species have hitherto been found only at Rock 
Springs and in the Danforth Hills. The type collection of C. subundifera 
White was obtained at Point of Rocks station from a layer about fifty 


’ feet below the oyster horizon there, and the form was described in Pro- 


fessor Powell’s Report on the Geology of the Uinta Mountains, p. 129, 
The only other known examples were brought by Professor Powell from 
Upper Kanab, Southern Utah, as mentioned on a previous page. The 
differences between these two forms are so slight that I am now disposed 
to regard them as only varieties of one species; but still the variation 
seems to be constant as found in widely separated localities, which is 
suggestive of a permanency that may prove to be specific. 
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20. Corbula subtrigonalis Meek & Hayden. 


Tt has been stated on a previous page that good reasons appear to ex- 
ist for regarding C. subtrigonalis Meek & Hayden, C. perundata Meek & 


Hayden, C. crassatelliformis Meek, and C. tropidophora Meek, as belonging — 


to one and the same species, the difference being only varietal and prob- 
ably due to local environment. Mr. Meek’s types of the two last-named 
forms were obtained from the Bitter Creek series of Laramie strata, 
the former at Hallville and Black Buttes stations, and the latter at the 
locality two miles below Point of Rocks. The difference between these 
two latter forms is significant as being similar to that between C. wndi- 
fera and C. subundifera, and also similar to that between other forms 
from different strata of the Bitter Creek series presently to be noticed. 


21. Neritina volvilineata White. 


The type specimens of this species were found at Black Buttes Station 
associated with Melania wgomingensis, Corbicula (Leptesthes) fracta, and 
seven or eight species of Uniones. Yampa Valley is the only other locality 
at which this species has been discovered. See remarks under that head 
on & previous page. ; 


22. Neritina (Velatella) baptista White. 


In Ann. Rep. U.S. Geol. and Geog. Sur. Terr. fer 1872, pp. 497-499, 
Mr. Meek described three species of Neritide from the Cretaceous rocks 
at Coalville, Utah, for which he proposed the subgeneric name of Vela- 
tella. In their distinguishing charactistics they approach Velates Mont- 
. fort, but the differences pointed out by Mr. Meek are doubtless of at least 
subgeneric value. Two of the species described by him were found in 
the brackish-water layers at Carleton’s coal mine, which are both under- 
laid and overlaid there by marine strata of the Fox Hills Group; and 
the other was from marine Cretaceous strata of the same series a couple 
of miles away from the first-named locality. V.(V.) baptista is described 
in Bull. U. 8. Geol. and Geog. Sur. Terr. vol. iv, p. 715, and was found 
in the Laramie strata at Black Buttes Station associated with the pre- 
ceeding species and its brackish- and fresh-water associates there. This 
peculiar type has been found at no other than the Coalville and Black 
Buttes localities, the one in the Fox Hills Group and the other in the 
Laramie. . 

23. Goniobasis gracilienta Meek & Hayden. 


A goodly number of examples were found atthe Black Buttes locality 
which appear to be specifically identical with G. gracilienta Meek & Hay- 
den, although they are smaller and rather more slender than the types of 
that species are, and also more slender than those examples are that were 
found in Crow Creek Valley east of the Rocky Mountains. For remarks 
on that species see notes on the fossils of the last-named locality. 


24. Cassiopella turricula White. 


This is the type and only species of the genus Cassiopella that has yet 
been discovered. It has been found only at the Black Buttes locality, 
where it is associated with Unio, Corbula, Goniobasis, Campeloma, We. 
Although it is a very interesting form, being unique, it is of little value 
in the present discussion, which is mainly one of comparison. It is de- 
seribed in Powell’s Report on the Geology of the Uinta Mountains, page 
133, under the name of Leioplax ? turricula, but it was made the type of 
Cassiopella in Bull. Geol. and Geog. Sur. Terr. vol. iii, p. 606. 


25. Melania wyomingensis Meek. 
This is one of the finest and most interesting species yet discovered in 
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the LaramieGroup. Mr. Meek obtained his type specimens at the Black 
Buttes locality, and it has since been obtained in considerable numbers 
both east and west of the Rocky Mountains, in Colorado and Wyoming, 
but it has not yet been discovered in the Upper Missouri River region. 
Its wide geographical distribution ; its great vertical range in the Lara- 
mie Group; its apparently true Melanian type and its relation to the fol- 
lowing species from a lower horizon in the group in Bitter Creek Valley, 
all make it a species of unusual interest. For further remarks on it 
see notes on Laramie fossils from Crow Creek Valley and the Danforth 
Hills localities. 


26. Melania insculpta Meek. 


Mr. Meek described this species in the Ann. Report of the U. 8. Geol. 
and Geog. Sur. Terr. for 1872, p. 515, along with IM. wyomingensis, his 
types of the former having been obtained at Rock Springs, and those of 
the latter at Black Buttes Station. No examples of M. imsculpia have 
been found elsewhere than at Rock Springs, except two or three imper- 
feet ones at the locality two miles below Point of Rocks. It is much 
more nearly related to I. wyomingensis than would appear at first glance, 
because the principal difference consists in the row of prominent nodes 
or short spines that adorn the larger volutions of the latter ; while the 
upper turns of the spine of each seem to be undistinguishable. This is 
another case of very closely related species or well-marked varieties 
existing the one above and the other below the line of unconformity that 
has been shown to exist in the Laramie strata of Bitter Creek Valley. 


27. Viviparus plicapressus White. 

The only localities at which this species has yet been discovered are 
those of Black Buttes Station and Yampa Valley. At the latter locality 
it was found associated with Melania wyomingensis and Neritina volvili- 
neata ; and at the former with Unio, Corbula, Goniobasis, Cassiopella, 
Campeloma, &e. It is described in Powell’s Report on the Geology of the 
Uinta Mountains, p. 133. It is not yet known east of the Rocky Mount- 
ains. 


28. Tulotoma thompsoni White. 


Black Buttes Station is the first locality at which this species was dis- 
covered, and the valley of Crow Creek, east of the mountains, is the only 
other one at which it has been found. It oceurs in considerable numbers 
at each of these localities, and its identity at each is beyond question. 
Its associates at Crow Creek are all fresh-water forms; and at Black 
Buttes it. seems to occupy a thin layer by itself between those which con- 
_ tain both brackish- and fresh-water forms. See further remarks under 
the head of “‘ Notes on the Laramie fossils of Crow Creek Valley.” 


29. Campeloma vetula Meek & Hayden. 

Dr. Hayden first discovered this species in the Judith River beds of 
the Upper Missouri River region, and it is described and figured in volume 
IX of the United States Geological Survey of the Territories. A goodly 
number of examples were obtained at Black Buttes Station, where they 
were found associated with Unio, Corbula, Goniobasis, Cassiopella, &c. 
Their specific identity with Campeloma vetula seems to be unmistakable. 


30. Campeloma multistriata Meek & Hayden. 


Some examples found associated with the foregoing species at Black 
Buttes Station possess distinct revolving lines like those of C. multistriata, 
but they lack the shouldering of the distal side of the body-volution so 
common in that species. As they do not- appear to differ materially in 
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general shape from C. vetula, they may perhaps be only a variety of that 
species. This is rendered probable by the fact that the revolving lines 
are often obsolete on C. multistriata, as well as other striated species. 


31. Odontobasis buccinoides White. 

This species is described in Powell’s Report on the Geology of the 
Uinta Mountains, p. 124. With the exception of a single species found 
in the Danforth Hills, and doubtfully referred to this genus, only two 
other species of the genus are known. These are both of Cretaceous 
age, and are associated only with marine forms. The living affinities of 
the genus are also with those only of marine habitat, and it is probable 
that this species actually lived only with those that could endure a con- 
siderable degree of saltness of the water. It has been found only at the 
locality two miles west of Point of Rocks, where its associates are Ostrea, 
Anomia, Corbicula, Corbula, and Melania (insculpta). The specimens of 
the last-named species may have been drifted to their present association 
from amore natural habitat, but it is possible they all lived together, espe- 
cially so since M. wyomingensis has been found at various localities as- 
sociated with brackish-water forms. 

Bitter Creek Valley is one of the most important districts yet known 
for the study of the Laramie Group; and on account of the large number 
of species of its fossils found there the Black Buttes locality is one of 
especial importance and interest. The following is a section of the strata 
as they appear about a mile south of the station, the point where the 
greater part of the fossils were obtained: 


Section of Laramie Strata at Black Buttes Station. 


Feet, 
1. Thin bedded sandstones and sandy, ferruginous shales to the top of the Lara- 
Inie Group -.------- Jos mmiekels nis cercis, oe ae Ee a ee eee ee 500? 
2. Sandstone, containing Unio couesi, Campeloma vetula, and Anomia gryphorhyn- 
CHUB eS aak SoD EE ON I neh DLE ENE See 
3.. Sandy shales, somewhat carbonaceous..----.----- +--+. ------ -2oean wesc cece 4 
A. Shales, containing Cassiopella turricula, Viviparus plicapressus, Goniobasis graci- 
lenta, Campeloma vetula, Unio dane?, Corbula subtrigonalis, &c...--..------ 1 
5. Bluish, clayey shale, containing fragments of Ostrea and Anomia ....-...---. 5 
6. Calcareous fragmentary layer, containing an abundance of Tutoloma thomp- 
som, mostly decomposed 2-2 =. -ab ae pee site Sensis eee eee ence seer eeeor 1 
7. Calcareous and sandy fragmentary material, very fossiliferous, containing all 
the species of Unio of the foregoing list, Corbicula (Leptesthes) fracta, Melania, 
wyomingensis, Neritina volvilineata, N. (Velatella) baptista, &c ....-.----.---- 4 
8. Sandy shales, with alternating calcareous fragmentary layers .--.-.-------.- 30 
9. Dark carbonaceous shales, with Ostrea and Anomia.....----------.----.----- 
10)/-Common ‘sandstones'..2 120 Sb A ee hess cit eee 100 
11. Sandy, grayish shales and soft sandstones.-.... Hin ese soe olHe coeee ase sass 300 


In the neighborhood of Black Buttes Station there are, within ths 
limits of this section, three or four coal or carbonaceous horizons, two of 
which have been worked for coal. One of these appears to be repre- 
sented by No. 3, and another by No. 9 of the section; but all the beds 
of the series exposed in this neighborhood are so extremely variable that 
sections taken at points not more than a quarter of a mile distant from 
each other would hardly be recognized as intended for the same locality, 
especially in its thinner members. 

The beds of coal are not continuous here, as they usually are in the 
Carboniferous Coal-Measures; but from a good workable thickness at one 
point a bed will disappear entirely within half a mile.. The layers con- 
taining the fossils are equally inconstant as regards their fossil contents, 
and a measured section half a mile away from the point where the fore- 
going one was measured, comprising the exact equivalents of those beds, 
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might be examined in vain for fossils of any kind. Yet there is no evi- 
- dence that any of these layers are of truly estuary origin, or that they 
were formed in any other than lacustrine or interior sea waters. In other 
words, the variation referred to seems to have been the result of shifting 
conditions of limited extent in a large body of water, rather than that of 
the meeting of fluviatile and lacustrine or sea waters. This inconstancy 
of the layers composing a large part of the Laramie Group is common 
almost everywhere, and indicates a general prevalence of shallow water 
during the Laramie period. The frequent mixture in a single layer of 
fresh-water, brackish-water, and marine types in these and other Lara- 
mnie strata is very perplexing, and will be further discussed on following 

ages. . 
The dip of all the strata at Black Buttes Station is gently to the east- 
ward, and going in that direction a few miles one finds himself upon the 
strata of the Wasatch Group. I crossed and recrossed this space at dif-. 
ferent places in the neighborhood, and failed, as I had done before at 
other localities, to find any plane of demarkation, or any indication of a 
division between the Laramie and Wasatch Groups. The thickness 
therefore that is assigned to No. 1 of the foregoing section is only an 
approximate estimate. I do not doubt that there are places, even within 
the Green River Basin, where there is a true unconformity of strata at 
or about the junction of the two groups, but I have not had the good 
fortune to examine any such localities personally. In this statement 
reference is not made to the great unconformity of the Wasatch upon 
the Laramie at the extreme western portion of that geographical basin, 
or rather upon the eastern borders of the Salt Lake Basin, which will be 
discussed on following pages. 

Within 100 feet above the base of No. 1 of the foregoing section I 
found fragments of bones, probably those of Agathawmas sylvestris 
Cope, which is probably the identical locality at which Professor Cope 
obtained his type specimens. I found no invertebrate fossils of any 
kind above No. 2 of the section; and it will thus be seen that vertebrate 
remains of Cretaceous type are found above all the invertebrate fossils 
of the Black Buttes locality, and that the former were obtained from 
the uppermost portion of the Laramie Group. Some reference to the 
discussions that have taken place as to the geological age of these strata 
will be made on a following page. 

Before taking leave of the Bitter Creek series there is an interesting 
matter to be considered in relation to it.. The existence of an uncon- 
formity of the strata of the upper part of the Laramie series upon those 
of the lower part, especially observable in the neighborhood of Point of 
Rocks, has already been noticed. As already hinted, there are some in- 
teresting differences among the fossils that respectively characterize the 
strata above and below the unconformity. For example, in Bitter Creek 
Valley the typical forms of Corbula. undifera are not found above the 
unconformity, and those of C. subundifera, which I now regard as only 
a variety of the first, are not found below it. The variety of Corbula 
subtrigonalis to which Mr. Meek gave the name of C. tropidophora is 
found only below the unconformity, while that which he called C. crassa- 
telliformis is found only above it. Melania insculpta, which seems to dif- 
fer from M. wyomingensis only in the absence of the nodes or short 
spines which characterize the latter, is found only below the uncon- 
formity, while the last-named species is found only above it. Also 
Corbicula cytheriformis is found only below the unconformity, while the 
closely related form C. occidentalis is found only above it. It would be 
too much to assume that all the upper forms here named are the lineal 
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descendants of their lower representatives respectively, but the local 
facts are at least suggestive of some such connection. At any rate, 
there seems to be no reason for doubt that the change of condition con-. 
sequent upon the movement that caused the unconformity brought 
about a corresponding change in the aqueous fauna. 

Leaving the Bitter Creek district, with much that is interesting there, 
to be noticed in the closing discussion, I now return to the Danforth 
Hills, near White River, and resume my observations, in the order of 
my journey, where I left them to consider the Bitter Creek series. 

My journey upon leaving the Danforth Hills was by way of a cafion 
that opens into Agency Park at a point about six miles directly south of 
the locality where I obtained the collection of Laramie fossils, and near 
the western end of the park. 

In the sides of this cafion appears the junction between the Laramie 
and Fox Hills Groups, the character of which has already been described. 
Following down the drainage of the cation into the park, we come upon 
the Colorado Group, and upon the banks of White River we find the 
strata of the Dakota Group also. No fossils were found in the latter, 
- but fragments of Inoceramus defornis with Ostra congesta were found in 
the former. About a mile up from the mouth of the cation I obtained, 
from a layer of the Fox Hills Group, within 100 feet of its top, the fossils 
of the following list. Near by, in the same caiion-side, 200 feet above 
the layer just mentioned (100 feet above the base of the Laramie Group), 
I collected fragments of some of the same species of fossils, both vegetable — 
and invertebrate, that were found to characterize the Laramie strata in the 
hills five miles to the northward, which have already been discussed. The 
fact has already been stated, that although the plane of division between 
the Laramie and Fox Hiils Groups in this neighborhood is quite plainly 
recognizable, it is marked by no unconformity, nor by any such abrupt 
change in the character of the deposits as would prove a break to have 
taken place in the continuity of sedimentation. Thus we find a purely 
marine condition indicated for the origin of the stratum affording the 
fossils of the following list, and a brackish-water condition for that of all 
the strata which are more than 100 or 200 feet above it, which condition 
continued unchanged through a deposition of strata nearly or quite 4,000 
feet in thickness: 


LIST OF CRETACEOUS FOSSILS FROM A CANON SIX MILES NORTHWEST 
FROM WHITE RIVER INDIAN AGENCY, NORTHWESTERN COLORADO. 


. Inoceramus barabint Morton. 

. Cardium speciosum Meek & Hayden. 
Mactra (Cymbophora) alia Meek & Hayden. 
. Anisomyon centrale Meek. 

. Acton woostert White? 

. Baculites ovatus Say. 


bo 
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NOTES ON THE CRETACEOUS FOSSILS FROM NEAR WHITE RIVER INDIAN 
AGENCY. 


1. Inoceramus barabini Morton. 

Examples of this species were found to be quite abundant at some 
places in the fossiliferous stratum in which they were found, They seem 
to agree well with the typical forms of the species. 


ains as east of them. Besides this locality, I also found it at that of 


Dodds’s Ranch, presently to be noticed. In these western localities it 
appears to possess all the characteristics of the typical examples. Its 
presence here, associated as it is with the next following species, indi: 
cates that the strata containing it are the uppermost of the series. 
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62 Cardium speciosum Meek & Hayden. 


This species has not been found so common west of the Rocky Mount- 


3. Mactra (Cymbophora) alta Meek & Hayden. 

So far as I am aware, no example of this species has ever been found 
in any other than the uppermost strata of the ox Hills Group. It is, 
therefore, valuable here as indicating the highest horizon of the group ; 
which is also indicated by the position of the strata in relation to those 
of the Laramie Group. For remarks on this and the two preceding 
species, see foregoing pages; and for figures and descriptions, see vol. 
ix, U. 8. Geol. Sur. Terr. : 


4, Anisomyon centrale Meek. 


The examples found here seem to be referable to this species, but they 
might with equal propriety be referred to some one of those which Mr. 
Meek has described from the Upper Missouri River region, all of whicn 
are dificult of separation. Anisomyon appears to range higher in the Fox 
Hills Group west of the Rocky Mountains than east of them. I have 
never before found it associated with either of the two foregoing species. 


5. Actwon woostert White. 
A single fragment was found, associated with the fossils of the fore- 


going list, that seems to belong to this species, which has been hitherto 
found only in Southern and Eastern Colorado. 


G. Baculites ovatus Say. 


It has already been shown that this species is not known to range to 
the top of the ox Hills Group in the Upper Missouri River region, nor in 
HKastern Colorado. Here, however, it is not only found in the uppermost 
strata of that group, but it is associated with species that are regarded 
as especially characterizing its highest fossiliferous horizon. 

These Danforth Hills localities are especially interesting, because they 
contain, in one and the same exposure of strata, fossiliferous horizons that 
are respectively characteristic of the Fox Hills and Laramie Groups. 
within comparatively a few feet of each other, and with no unconformity. 
of strata between them. It seems, therefore, conclusive that the change 
from a marine to a brackish condition of the waters, and the consequent 
total change of aqueous fauna, took place in consequence of movements 
that occurred elsewlrere, but which were not sufficient here to break the 
continuousness of sedimentation. 

The structural geology of this region having been reported on. by me 
for the year 1876, all relating to it, except matters of a paleontological 
character, will be omitted from this report. Proceeding down the valley 
of White River a few comparatively unimportant collections were made 
on the way. The first of these was made from Wasatch strata from 
point to point between Pifon Ridge and Raven Park, where the upper 
strata of that group were found exposed in the valley of White River. 
The fossils collected were not abundant, and consisted of only five spe- 
cies, most or all of which are known to pass up into the Green liver 
Group at other localities. 
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LIST OF FOSSILS OF THE WASATCH GROUP COLLECTED IN WHITE 
RIVER VALLEY, COLORADO. 


1. Unto shoshonensis White. 

2. Unio washakiensis Meek. 

3. Physa pleromatis White. 

4. Goniobasis tenera Hall. 

5. Viviparus paludineformis Hall. 


NOTES ON THE WASATCH FOSSILS OF WHITE RIVER VALLEY. 


1. Unio shoshonensis White. 


This species is described in Powells Report on the Geology of the 
Uinta Mountains, p. 126, the types having been collected from differ- 
ent portions of the Green River Group in Southern Wyoming. Not only 
this, but also all the other species of the foregoing list, except Physa ple- 
romatis, are known to range from the Wasatch Group into, and part of 
them entirely through, the Green River Group. 
2. Unio washakiensis Meek. 

Mr. Meek described this species in the Ann. Rep. U.S. Geol. Sur. 
Terr. for 1870, p. 314. It is quite a common species in both the Wasatch 
and Green River Groups, but it is seldom, if ever, found well preserved. 

: Among typical examples of this species were found some that are at 
least one-third larger than Mr. Meek’s types. Being only in the con- 
dition of casts, their specific determination was not satisfactory, and it 
is possible they represent a new species. 
. 3. Physa pleromatis White. 


This species is described and figured in vol. iv, Expl. and Sur. West. 
-of the 100th Meridian, the types having been collected at Last Bluff, 
Utah. It is not an uncommon species in the Wasatch Group in Utah, 
Wyoming, and Colorado. An example found in White River Valley is 
‘remarkably large, fully double the size of the type, and the largest ex- 
.ample of the genus known to me. 

-4, Goniobasis tenera Hall sp. 

In Fremont’s Report on Oregon and North California, 1845, Professor 
‘Hall deseribed and figured Cerithium tenerum and C. noduloswm, both of 
“which, without doubt, belong to the genus Goniobasis, and both are doubt- 

less of the same species. G. tenera being the first in order of description: 
in that report, that name is used as the proper name of the species. In- 
Proc. Acad. Nat. Sci. Philad. 1860, Meek described a form from Wyo- 
ming under the name of Melania simpsoni; and in the Am. Jour. Conch. 
1868, Conrad described another, from Wyoming, under the name of G. 
. cartert, both of which are other synonyms of G. tenera. In the An. Rep. 
U.S. Geol. Sur. Terr. for 1870, Meek changed G. nodiilosum Hall sp, to G@. 
. nodulifera, because the former name was preoccupied by Lea for a recent 
: Species. ‘This was unnecessary, because both are other synonyms of 
‘G. tenera. Several distinct species of Goniobasis are known to exist 
in the Laramie Group, but so far as I am able to discern, only one 
_ species of that genus has yet been collected from either of the three 
_great fresh water deposits of the west, namely, the Washakie, Green 
River, and Bridger Groups. This species is subject to great inter-specifie 
variation, and is known to range through the greater part of the Wasateh 
«Group; through the Green River Group; and is believed to range well 
‘up into the Bridger Group also. It has even a greater variation than 1s 
sindicated by the fact that it has already received three specific names, 
‘because a variety which I collected at Tabor Mountain in Southern Wyo- 
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ming is more spinous and otherwise more strongly marked than any of 
those other forms which have received separate specific names. The ex- 
amples of this species found in the valley of White River are large, 
some of them being more than two inches in length, and correspond. 
with Hall’s figure and description of the variety nodulosum more nearly 


than the other varieties do. 


5. Viviparus paludineformis Hall sp. 

This species was described in the same report together with the pre- 
ceding species under the name of Turbo paludineformis. It is a constant 
associate of Goniobasis tenera, and at none of the very many localities 
where | have collected these two species I have never found either of: 
them unaccompanied by the other. ‘This species varies comparatively: 
little, even in the different groups in which it has been tound. Only one 
other species of the genus has yet been found in either the Wasateh, 
Green River, or Bridger Group. This is V. wyomingensis Meek, which 
has been found only in the Bridger Group. | V. paludineformis apypar- 
ently ranges up into the lower portion of the Bridger Group. . 


The fossiliterous horizon that furnished the fossils of the foregoing: 


list was also found among the upturned strata of Raven Ridge, wesz of 
Rayen Park. The ridge has its southeastern end at the western side of 


Raven Park and its northwestern end near Section Ridge, a spur of 
Yampa plateau. In the upper portion of the Wasatch Group, near he 
northwestern end of Raven Ridge, I obtained an abundance of spesi-- 
mens of Goniobasis tenera and a tew of Viviparus paludineformis. Near 
the southeastern end of the ridge and at the same horizon I obtained a 


few examples of both those species together with some of Unio washa-— 


kiensis and U. shoshonensis. The Green River Group is abundantly’ 
shown in this region, in ell the peculiarities which characterize the. 
group at its typical localities, and yet no distinct plane of demarkation— 


or place of separation between it and the Wasatch Group could be any-— 


where recognized. 


While passing down the valley of White River from Ageney Park to” 


Raven Ridge the strata of the Laramie Group came frequently under . 


observation. They were there found to possess all their usual lithologi- 
cal characteristics, and also to contain the great abundance of plant 
remains that was observed in the Danforth Hills. The only invertebrate 
fossils, however, that were found in its strata in that region were occa- 
sional examples of Ostrea glabra, which was found to range nearly to the 


base ef the group. Directly north of Raven Park and about midway | 
between White River and Midland Ridge I found numerous examples | 


of Halysites major Lesquereux in layers that belong either to the base of 


the Laramie or to the top of the Fox Hills Group. The horizon is doubt- , 


less precisely the same as that at which this fucoid occurs at the mouth 
of the Saint Vrain’s and elsewhere in Eastern Colorado. 

From a point on White River about twenty miles below Raven Park 
I crossed to Section Ridge over the broad bad-land district that lies to 
the northward. The dip of the Green River strata which border the 
lower portion of White River Valley is gently to the northward where 
I traversed them.. About eight or ten miles north of White River I found 
them to pass beneath characteristic strata of the Bridger Group, con- 
taining fragments of mammalian and chelonian remains. These Bridger 
strata occupy only a very small area of surface in the immediate valley 
of Red Bluit Wash, and are overlaid by the strata of the Uinta Group, 
which occupy the greater part of the surface of this bad-land district 
bordering Green River Valley, They rest unconformably upon strata 
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of all ages in this region from those of the Colorado to the Bridger Group, 
inclusive. As to its unconformity upon the Bridger strata, however, 
my observations south of the Uinta Mountains alone would not prove, but. 
{found such unconformity a few years ago in the valley of Snake River, 
north of Junction Mountain. 

Leaving the region of the White and Yampa Rivers I crossed Green 

tiver by a ford a few miles below Split Mountain and continued my 
journey westward after making some observations from that mountain 
to add to my report for the year 1876. After crossing Green River I 
spent. some time in examining the geology of the district on the west 
side adjacent to the southern base of the Uinta Mountains, especially in 
the valleys of Brush Creek and Ashley’s Fork. In this district, as well 
as in that which lies immediately upon the other side of Green River, I 
made some observations that have a most important bearing upon the 
proper correlation of the different groups of strata which geologists have 
recognized, but more especially those of Cretaceous age. Ina lar ge part 
of Color ado, Wyoming, and Utah the two Cretaceous groups, which in the 
classification modified from. that which was originally adopted by Hay- 
den and Meek for the Upper Missouri River region are designated as 
the Colorado and Fox Hills Groups, have been found so constant in their 
general lithological characteristics that field geologists have usually 
made these the basis of their classification of the strata, often ignoring 
the paleontological features entirely. My own investigations have led 
me to the conclusion that the paleontological characteristics of these 
groups are far more constant and reliable than the lithological, and this 
fact is especially exemplified in the district in question. Generally the 
plane upon which the Colorado and Fox Hills Groups are separated is 
marked by a more or less sudden change from a shaly or uncompacted 
sandy material below to ordinary stratified sandstone above. A large 
part of the Colorado Group, especially toward its base, is also usually 
made up of bluish clayey and sandy shales, with usually a horizon of 
bluish fissile shales at or very near the base of the group. Often, how- 
ever, the lithological change from the Colorado to the Fox Hills Group 
is very obscure, the sandy ‘shales of the lower group extending far up 
into the upper one. 

In the district adjacent to Green River, at the southern base of the 
Uinta Mountains, more than half the thickness of the Fox Hills Group is 
inseparable from the Colorado Group by lithological characters, and 
their separation is thus practicable only by means of their respectively 
characteristic fossils. Itis true that the relative thickness of these two 
groups varies very considerably in different districts, and this fact is 
never more plainly or truthfully shown by lithological than by paleonto- 
logical features. In short there is, as a rule, in all the great western 
region, a distinctly recognizable paleontological horizon separating the 
two groups in question, irrespective of lithological variation, above and 
below which certain species respectively do not pass. For example, on 
both sides of the Rocky Mountains I have found Jnoceramus deformis 
Meek, I. problematicus Schlotheim, and Ostrea congesta Conrad quite 
common if not abundant in the Colorado Group, while none of the Oreta- 
ceous species of any of the foregoing lists in this report have been found 
in that group, but all belong above - it.* 


* Tn my report upen the invertebrate fossils of Professor Powell’s collections, in chap- 
ter III of his Geology of the Uinta Mountains, a considerable number of the Cretaceous: 
species there discussed are referred to the Colorado Group (= Sulphur Creek Group of 
Powell), which I have now no doubt properly belong to the Fox Hills Group (= Salt 
Wells Group of Powell). The error made by the collectors, of referring the fossils to 
wrong groups, no doubt occurred in consequence of the lithological changes that have 
taken place in their strata, which has just been explained. 
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In the valley of Brush Creek I observed several more or less massive 
layers of sandstone distributed in the softer layers of the Colorado Group, 
the like of which I have not seen elsewhere in that group. Just north 
of Dodds’s Ranch, in the valley of Ashley’s Fork, a high hogback of 
sandstone rises up toward the flank of the mountains from the valley- 
plain of that stream. As one approaches it by going up the valley it has 
the appearance of the usual hogback of the Dakota Group, which appears 
almost everywhere at the flanks of the mountains, especially as the plain 
is known to be in part, and so far as the lithological characters of the 
strata can be obser ved beneath the surface débris it appears to be 
wholly, occupied by the strata of the Colorado Group. In fact, however, 
as proved by the fossils, a large part of the valley-plain is occupied by 
strata of the Fox Hills Group which are as soft and easily eroded as those 
of the Colorado Group are; and the hogback referred to constitutes the 
lower portion of the former group. From the strata of this hogback I 
collected the following fossils: 


LIST OF CRETACEOUS FOSSILS AT DODDS’S RANCH ON ASHLEY’S FORK, 
UTAH. 


¢ Inoceramus howelli White. 

. Cardium speciosum Meek & Hayden ? 
3 Macira (C en warrenana Meek & Hayden. 
4. Anchura 


NOTES ON THE CRETACEOUS FOSSILS FROM ASHLEY’S FORK. 


1. Inoceramus howelli White. 

This species was originally discovered by Mr. E. E. Howell in South-. 
ern Utah, and was described by me in Powell’s Report on the Geology 
of the Uinta Mountains, p. 114, where it was referred to a much lower 
horizon than it is now believed to occupy. It is redescribed and illus- 
trated in another part of this volume. 


2. Cardium speciosum Meek & Hayden. 


Some casts of a Cardiwm in soft sandstone were found among the 
other specimens that seemed to belong to this species, but they are too 
imperfect to allow of satisfactory determination. If they really belong 
to this species it has here as low a range in the Fox Hills Group as it 


was found to have in Eastern Color ado, which, however, is not improb- 


able. 


3. Mactra (Cymbophora) warrenana Meek & Hayden. 


Although the examples found here are in the form of casts, their iden- 
tity with this species seems hardly questionable. For further remarks 
on this and the next preceding species, see notes on the fossils of the 
Fox Hills Group in Colorado, east of the Rocky Mountains. 


4. Anchura ? 


Some casts only of this species were found, and they are too imperfect 
for specific determination. They probably belong to A. Susiformis Meek, 

These fossils, although imperfect, are too clearly characteristic of the 
Fox Hills Group to admit of doubt as to the age of the strata containing 
them. To the north of the hogback, composed of these strata, those of 
the Colorado and Dakota Groups are seen to rise successively, and to rest 
in order upon the Jura-Trias. Both the Colorado and Dakota Groups, 
especially the former, are here of much less than their usual thickness, 
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but they are unmistakable in their lithological characteristics, and yet. 
the latter does not here form a hogback as it usually does elsewhere. 

_ Proceeding westward from Ashley’s Fork my journey, after the first 
three or four miles, was over the Uinta Group until we reached Lake 
Fork. This group is much more extensively developed im this region 
than I have anywhere seen it before. It is many hundred feet in thick- 
ness, and it is quite as regularly stratified as any of the other fresh water 
Tertiary deposits of the West. In some places, as for example, in the — 
vicinity of Green River, south of the Uinta Mountains, it is largely 
composed of soft, bad-land sandstones, having a general reddish color. 
But further westward it assumes a somewhat darker hue and character 
of quite regularly bedded sandstones, some of which are soft, but many 
of the strata are firm and even massive. At Wonsitz Ridge, four miles 
west of Dodds’s Ranch, it rests unconformably upon the Laramie Group, 
and at Lake Fork on the Uinta and Salt Lake trail, some forty miles 
further west, it is found to rest upon the Bridger Group, as it was shown 
to do near White River, in my report for 1876. 

No fossils of any kind were found by myself in the Unita Group this 
year, but in 1875, I obtained a Physa trom it in the valley of Snake River, 
a few miles above Junction Mountain. The Uinta Group, as already 
shown, is regarded as equivalent with the Brown’s Park Group of 
Powell; and it is probably also equivalent with the Lake Beds of Middle 
Park. ii 

Three or four hundred feet in thickness of the strata of the Bridger 
Group are exposed in the valley side of Lake Fork, which have there all 
the peculiar lithological characteristics which they possess at the typical 
localities north of the Uinta Mountains, even including the varicus tints 
of coloration and the style of weathering of the bad-land sandstones of 
which the formation is largely composed. I’rom these strata I made a 
very good collection of vertebrate fossils, consisting of Ganoid, Chelonian 
and Mammalian remains, but the only invertebrate form I discovered 
was the well known Planorbis Utahensis Meek (= P. spectabilis Meek.) 

Following the trail, the course of which lies south of the wagon-road 
to the east fork of the Duchesne, I found near the crossing some limited 
exposures of Bridger strata in its valley side, with those of the Uinta 
Group resting upon them, but I obtained no fossils there. Still follow- 
ing the obscure trail before mentioned, our journey from the east fork 
ot the Duchesne to the main stream was over sandy barrens with here 
and there an exposure of sandstone. Upon reaching the latter stream 
I found it to run in a canon or deep monoclinal valley excavated out of 
the Green River Group. The dip of these strata at the valley where I 
examined it is three or four degrees to the northward or northeastward, 
but as they are seen in the high hills south of the valley the dip seems 
to be considerably more there. This dip seems to be part of a broad 
accessory fold, subordinate to the Uinta Mountain uplift, by which these 
Green [iver strata have risen from beneath those of the Bridger Group 
that were seen on Lake Fork and the east fork of the Duchesne. No 
fossils were found in these Green River strata although diligent search 
was made, but the lithological characteristics are the same as they are 
at the typical localities north of the Uinta Mountains, the upper and 
lower divisions of the group being plainly recognizable. The thickness 
of the group as seen in this region is estimated at about 1,000 feet, but 
as the base was not visible where the upper division was observed, the 
entire thickness of the group here is probably equal to that which it 
attains at the typical localities. The caton of the Duchesne, where I 
observed 1t, has high precipitous sides, and is in all respects like that 
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of the lower portion of White River, which is cut through the same 
formation. 

Continuing my journey I proceeded up the north valley side of the 
Duchesne to the first creek that comes into it from the northward, and 
- then up the valley of that creek to the wagon-road. None but Green 

River strata were seen on the way until we reached a point two or three 
miles south of the wagon-road, where strata that appear to be the top 
of the Wasatch Group were seen. At and in the vicinity of the point 
where the wagon-road crosses the creek the Uinta Group is seen to rest 
-uncontormably upon the Green River Group, the latter having been 
somewhat tilted and-in some places much eroded before the deposition 
of the latter. 

_ Atter leaving the valley of the Duchesne only a few important obser- 
vations were made concerning the structural geology of the region 
traversed between there and Salt Lake, and no fossils were obtained 
from any of the strata over which we passed. All along the southern 
flank of the Uinta Mountains drift phenomena were observed, similar to 
those already noticed as observable along the eastern flank of the Rocky 
Mountains and in Middle Park; and also similar to those at the western 
base of the Rocky Mountains, which are discussed at some length in my 
report for 1876. The bowlders and pebbles composing the drift found 
along the southern flank of the Uinta Mountains is composed entirely of 
the rocks that make up the bulk of those mountains. There being no 
granite in that range, of course none is found in the drift along its flanks, 
wherein it differs materially from that which is distributed along both the 
eastern and western flanks of the Rocky Mountains, which are largely 
composed of granite. The drift is found almost everywhere distributed 
upon the surface, upon the uplands and valleys alike. In some places 
it is abundant, and in others almost wanting. The terraces are all more 
or less strewn with it, especially their abrupt sides. The beds of the 
streams are often so thickly covered with its bowlders as to make cross- 
ing by our animals both difficult and dangerous. 

Some of the terraces along the flanks of the Uinta Mountains are quite 
conspicuous objects, their upper surfaces having avery gentle slope away 
from the foothills. The upper, flat, gently sloping surface is apparently 
due to erosion and not to aqueous deposition, because the deposit of 
gravel and bowlders upon it is generally, if not always, thin, while sim- 

. ilar surfaces are produced indiscriminately upon the strata of the Col- 

orado to the Uinta Groups inclusive. Moreover the surfaces of these 

terraces have a general correspondence with each other, while the strata 
out of which they are carved are tilted at various angles. 

Leaving our camp at the wagon-road crossing of the creek before 
referred to, our way westward was along the line of strike of the Uinta 
Group, the dip being gently tothe southward. Not far to the southward 
a line of hills was seen, parallel with our course, which are doubtless 
inainly composed of strata of the Green River Group ; but I lost sight 
of that formation after crossing Red Creek. After crossing this creek 

we came upon strata that are doubtless of Cretaceous age, but these 
were soon passed, and none but Uinta strata were seen on our way until 
we reached the head of Strawberry Valley. From this valley our way 
was again over strata of the Uinta Group to Provo Valley, by way of 
Daniel’s Canon. This cafion is a long, deep gorge between high hills, 
which are, according to King, composed of Uinta strata. They, how- 
ever, differ considerably in lithologic: al character from any of those of 
that formation which I have hitherto observed. The rock is of a slightly 
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yellowish-gray color, and although its stratification is regular, it seems 
to have undergone some degree of metamorphism. 

From Provo Valley our journey was by the wagon-road to Salt Lake 
City. At the museum in the city Mr. Barfoot showed me some fossils 
that had been collected at different places in the Territory, among which 
I recognized some of the species, specimens of which were brought from 
Upper Kanab, Southern Utah, by Professor Powell, whence these also 
are reported to have come. After renewing my outtit at Salt Lake City 
I turned eastward, going by way of Parley’s : Park, to Coalville, on Weber 
River, where a large series of fossiliferous Cretaceous strata is exposed. 

In the An. Rep. U.S. Geol. Sur. Terr. for 1872, p. 439, Mr. Meek gives, 
as the result of his investigations in Weber Valley, a detailed section of 
the strata exposed there, from the vicinity of Coalville to Echo Cation. 
This section was found to represent, with sufficient accuracy, the Creta- 
ceous Strata of that vicinity, except ‘that there seems to be in it, near the 
southeastern end, some duplication of strata, doubtless caused by the 
presence of a fault there. This, however, does not seriously impair the 
usefulness: of the section. About 3,000 feet in thickness of these strata 
“are fossiliferous, many of them profusely so. The following list com- 
prises only those that have been found within the compass of this section, 
in the neighborhood of Coalville. 

The oreater part of the species of the following list were published by 
the late Mr. Meek in the Am. Rep. U.S. Geol. Sur. Terr. for 1872, and 
vol. iv U.S. Geol. Sur. 40th Parallel. Other publications of a part of 
them were made by myself in vol. iv U.S. Sur. & Expl. West of 100th 
Meridian, Powell’s Report on Geol. Uinta Mts., and in another part of 
the present volume. 


LIST OF FOSSILS FROM THE CRETACEOUS SERIES AT COALVILLE, UTAH. 


. Ostrea solenicus Meek. 

. Ostrea coalvillensis Meek.* 

. Ostrea congesta Conrad ? 

. Ostrea (Alectryonia) sannionis White.t 
. Gryphea ———? 

. Anomia 2 

. Pteria (Pseudoptera) rhytophora Meek.t 
. Pteria (Pseudoptera) propleura Meek. 

. Pteria gastrodes Meek.t 

. Inoceramus problematicus Schlotheim. + 
11. Inoceramus erectus Meek.* 

12. Inoceramus 3 

13. Pinna 2 

14. Volsella (Brachydontes) multilinigera Meek. 
15. Barbatia coalvillensis White.t 

16. Macrodon 2 
17. Unio 2 

18. Lucina 2 

19. Cardiwm curtum Meek & Hayden.* 

20. Cardiwm subeurtum Meek.* 

21. Cyrena carletont Meck. 

22. Cyprimeria? subalata Meek.* 


*Tigured in vol. iv U. S. Geol. Sur. 40th Parallel. (King.) 

tVieured in another part of this volume. i 

tFicured i in vol. iy Expl. & Sur. West of 40th Meredian (Wheeler). The other spe- 
cies not yet figured, but they are all described or noticed in An. Rep. U. S. Geol. Sur. 
Terr. for 1872. 
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98. Tellina? isonema Meek.* 


24, Tellina? modesta Meek.* 


25. Tellina (Arcopagia) utahensis Meek.* 
26. Corbula nematophora Meek.tt 

27. Corbula dubiosa White.* 

28. Martesia 2 

29. Melampus antiquus Meek. 

30. Physa carletoni Meek.t 

31. Physa 2 

32. Neritina bannisteri Meek. 

33. Neritina pisum Meek.t 

34. Neritina pisiformis Meek. 

35. Neritina ( Velatella) bellatula Meek. 

36. Neritina ( Velatella) carditoides Meek. 

37. Neritina ( Velatella) patelliformis Meek.t 

38. Neritina ( Velatella) patelliformis var. weberensis White.t 
39. Duspira coalvillensis White.t 

40. Gyrodes depressa Meek.* 

41. Anchura fusiformis Meek.* 

42. Turritella coalvillensis Meek.t 

43. Turriiella spironema Meek. 

44. Turritella (Aclis?) micronema Meek.t 

45. Turbonilla (Chemnitzia?) coalvillensis Meek.t 

46. Dulimella? inconspicua Meek. 

47. ulimella? chrysalis Meek. 

48. Tulimella? funicula Meek.t 

49. Valvata nana Meek. 

50. Fusus (Neptunea?) gabbi Meek.t 

51. usus (Neptunea?) utahensis Meek. 

52. Admetopsis rhomboides Meek.t 
53. Admetopsis gregaria Meek. t 
54. Admetopsis subfusiformis Meek. t 
_ 65. Baculites ovatus Say ?* t 


NOTES ON THE CRETACEOUS FOSSILS OF COALVILLE, UTAH. 


1. Ostrea soleniscus Meek. 


This remarkable oyster ranges through something more than the upper 
half of the fossiliferous series that is exposed in the vicinity of Coalville. 
So far as I am aware it has been found only in the region bordering the 
eastern flank of the Wasatch Mountains. 


2. Ostrea coalvillensis Meek. 


This species is very much like the forms of O. glabra which are found 
at Point of Rocks Station and elsewhere in the Laramie Group, to which 
Mr. Meek gave the name of O. wyomingensis. It is assumed to be of a 
different species because of its known difference of geological position, 
but comparatively little is known concerning it, as only a few examples 
have been found. 

3. Ostrea congesta Conrad? 

Numerous examples of a small oyster were found attached to the large 

*Figured in vol. iv U. S. Geol. Sur. 40th Parallel. (IKing.) 

t Figured in another part of this volume. 

¢ Figured in vol. iv Pxpl. & Sur. West of 100th Meridian(Wheeler). The other spe- 


cies not yet figured, but they are all described or noticed in An. Rep. U. S. Geol. Sur. 
Terr. for 1872. 
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examples of Inoceramus erectus Meek, which were obtained from No. 24 of 
Mr. Meck’s section, at the upper part of the fossiliferous series. It is 
difiicult if not impossible to say how it difiers from O. congesta Conrad; 
and its identity with that species is still further suggested by the simi- 
larity if not identity of J. erectus with I. deformis Meek of the Colorado 
Group, which is usually found to have lived commensally with O. con- 
gesta, as the Ostrea in question is seen to have done with I. erectus. It 
was for these reasons and for the want of access to types or illustrations 
that I referred this Ostrea and its commensal Inoceramus to O. congesta 
and I. deformis respectively, in Powell’s Report on the Geology of the 
Uinta Mountains, p. 99. 


4. Ostrea (Alectryonia) sannionis White. 

This well-characterized species has been found only at Coalville, and 
only in the strata representing the space between Nos. 18 and 19 of Mr. 
Meek’s section. 

5. Gryphea 2 

Only a couple of imperfect examples of this species were found, but it 
seems to be properly a Gryphea. If so, it is interesting as cecurring at 
a higher horizon than usual in the Cretacecus series of the West. It 
occurs in No. 11 of Mr. Meek’s section, with many other species. 

6. Anomia 2 

Some fragments of an Anomia were found associated with the last- — 
named species, and Mr. Meck also mentions the occurrence of one in No. 
17 of his section, where it is associated with brackish- and fresh-water 
forms, intermixed with some marine forms. 
7, 8, and 9. ‘ 

These three species of Pieria are from the second ridge represented in 
Mr, Meek’s section; and, so far as I am aware, neither of them have been 
found elsewhere. 


10. Inoceramus problematicus Schlotheim. 

Meek reports this species from No. 7 of his section, near the village. 
I found the same at Old Bear River City, thirty-five miles to the north- 
eastward, associated with species that occur in the second ridge at Coal- 
ville, the strata of which are considerably higher in the series than those 
from which Mr. Meek obtained his specimens. The former horizon is 
certainly within the limits of the Fox Hills Group, while the latter pos- 
sibly falls within those of the Colorado Group. 


11. Inoceramus erectus Meek. 

It is this species that has already been referred to under the head of 
No. 3, as differing but little from J. deformis. In the classification adopted 
in Powell’s Report on the Geology of the Uinta Mountains, I referred the 
strata containing this species to the base of the Laramie Group (=Point 
of Rocks Group of Professor Powell). At that time it was not uncom- 
non for different geologists to include some of the uppermost marine 
Cretaceous strata in the Laramie Group. Now, however, I never inten- 
tionally include any truly marine strata in that group. 


12. Inoceramus 2 
See remarks under No. 29. 


13. Pinna 2 
Known only by fragments discovered by Mr. Meek. 
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- 14. Volsella (Brachydontes) multilinigera Meek. 


This species was found in the sandstones of the first ridge at Coalville. 
I have also found examples, probably of the same species, In apparently 
equivalent strata, in the valley of Bear River, some thirty-five miles to 
the northeastward of Coalville. 

15. Barbatia coalvillensis, White. 

A considerable number of examples of this species were also found in 
the sandstones of the first ridge shown in Mr. Meek’s section. It seems 
never to have been discovered elsewhere. 

16. Macrodon ? 

The examples referred by Mr. Meek to Macrodon have never been seen 
by me. An imperfect example found by me, and apparently referable 
to this genus, indicates a rather large elongate species. 

17. Unio ? 

See remarks under head of No. 29. 
15. Lucina ? 

The few examples found were obtained from No. 3 of Meel’s section. 
They seem to indicate a species closely allied to, if not identical with, 
LL. subundata Hall & Meek. 


19. Cardiwn curtum Meek & Hayden. 

The proper horizon of the types of this species, which were obtained 
by Dr. Hayden on the Gros Ventres River, Wyoming, seems not to have 
been ascertained. It is therefore of no present value for the purpose of 
correlating those strata with those which contain this species at Coalville. 
20. Cardium subcurtum Meek. 

Besides the specimens obtained from No. 3, of Meek’s section, I ob- 
tained others from some of the sandstones of the third ridge, which is 
much higher in that series. I also obtained some examples of it near 
Old Bear River City, which were associated with forms which indicate 
that the strata there belong to the Fox Hills Group. 

21. Cyrena carletoni Meek. 


The differences between the recognized genera Cyrena and Corbicula 
are so slight as to be of doubtful generic importance as regards fossil 
shells. lam not acquainted with any species from the Cretaceous strata 
of the West, except the one in question, that is referable to either of 
these generic forms, the examples of which have the hinge so perfectly 
preserved as to show the crenulations of the lateral teeth if they had 
ever existed. Ihave, therefore, referred all such to Cyrena, although 


in outward form they closely resemble some of those Laramie shells that 


I refer to Corbicula. This species, however, seems to have been entirely 
without crenulations of the lateral teeth, and Mr. Meek has no doubt 
-aaneols referred it to Cyrena. As to its associates, see remarks under 
No. 29. 

22. Cyprimeria? subalata Meek. 

The examples of this and the three following species collected by me 
afford no further information concerning their characteristics than is re- 
corded by Mr. Meek in vol. iv., U. S. Geol. Sur. 40th Parallel. 

23. Tellina? isonema Meek. 

See remarks under No. 22. 
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24. Tellina? modesta Meek. 
See remarks under No. 22. 


25. Tellina (Areopagia) utahensis Meek. 
See remarks under No. 22. 


26. Corbula nematophora Meek. 


Meek reports the type specimens of this species from Southern Utah. 
I figured an example from that region in vol. iv, U. S. Expl. and Sur. 
West of the 100th Meridian, which is probably of this species. The 
examples that I have referred to at Coalville were found associated with 
true marine, and not brackish-water, forms; as is also the following 
species. <A figure of Mr. Meek’s type is also given in another part of 
this volume. 


27. Corbula dubiosa White. 


Found also in the valleys of Bear River and Sulphur Creek. See notes 
on Cretaceous fossils of Bear River Valley. 


28. Martesia ? 
Too imperfect for specific determination. 


29. Melampus antiquus Meek. 


In No. 16 of Mr. Meek’s section, which he found exposed in Carleton’s 
coal-mine about two miles southwestward from Coalville, he discovered 
a very interesting group of fossils, being Nos. 12, 17, 21, 29, 30, 32, 35, 
36, 46, 47, and 49 of the foregoing list. Soon after his visit there the 
mine was abandoned and the fallen débris has so obscured the strata that 
no further collections from them have ever been made. Neither has any 
discovery of this deposit ever been made in the neighborhood or else- 
where, although one or two of the species have been doubtfully identi- 
fied from Cretaceous strata elsewherein Utah. 'Twoof these eleven spe- 
cies of mollusks, Nos. 29 and. 30, are palustral or littoral pulmonates ; 
two, Nos. 17 and 49, are fresh-water branchifers ; four, Nos. 21, 32, 35, 
and 36 are brackish-water forms, and the remaining three species, Nos. 
12, 46, and 47, may be regarded as marine forms. ‘To the latter may be 
added a Cardium, mentioned by Mr. Meek, but not enumerated in the 
foregoing list; and to either the brackish or marine forms may be added 
the Anomia, also mentioned by Mr. Meek as occurring with the others. 
This last-named species may be identical with the one found by myself 
in the sandstones of the second ridge and mentioned under the head of 
No. 6; but it is probably not the same. 

This mixture of palustral, fresh- and brackish-water and marine mol- 
lusks may be taken to indicate an estuary origin of the strata containing 
them, although a somewhat similar admixture is found in a large part 
of the Laramie Group, extending over an area so wide as to make it 
certain that these deposits at least were made in a large, brackish-water 
sea.. However, the evidently limited extent of this Coalville deposit, and 
the presence in it of so large a proportion of marine forms, may be re- 
garded as almost certainly indicating its true estuary origin. This view 
is also supported by the evidence that a western shore-line to the Cre- 
taceous sea existed not far distant from this locality. The Physa, No. 31 
of the list, was found among the marine forms of the sandstones of the 
second ridge of Mr. Meek’s section. This also indicates a then neighboyr- 
ing shore-line, but not necessarily an estuary ; but the presence of brack- 
ish- and fresh-water branchiferous mollusks, as in No. 16 of that section, 
seems to plainly indicate an estuary origin of the strata containing them. 
These last-named mollusks, as well as their pulmonate associates, are 
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remarkably modern in type, and, seen separately, and without any knowl- 
edge to the contrary, no paleontologist would be warranted in referring 
them to an earlier period than the Tertiary. . 

The evidence of their Cretaceous age, however, is unquestionable, 
there being more than 1,000 feet in thickness of marine Cretaceous strata 
resting upon them; and more than an equal thickness of Cretaceous 
strata lies beneath them. 


30. Physa carletoni Meek. 

The figure of this species in another part of this volume shows plainly 
its modern type. For further remarks concerning it and its associates, 
see No. 29. 

ol. Physa ? ' 

This is possibly identical with P. carletoni. See a figure of it in another 
part of this volume ; and also remarks under No. 29. 

32. Neritina bannisteri Meek. 
_ This is apparently a typical Neritina. See under No. 29 for general 
remarks upon its associates. 


oo. Neritina pisum Meek. 

This is very like the next following species, but it is probably distinct. 
It is from a calcareous sandstone layer in the first ridge of Mr. Meek’s 
section, associated with Nos. 34, 37, 38, and other species. Although it 
is of the same type as No. 32, its associates are all marine forms. 

34. Neritina pisiformis Meek. 

See remarks under No. 33. 

30. Neritina ( Velatella) bellatula Meek. 

Mr. Meek discovered this species together with No. 36 in stratum No. 
16 of his section at Coalville, associated with other brackish- and fresh- 
water forms. See remarks under No. 29. Together with Nos. 30, 37, and 
38, it belongs to a section of the genus Neritina, to which Mr. Meek gave 
the subgeneric name of Velatella. Some of the associates of Nos. 35 and 
36 are both brackish- and fresh-water forms, but those of Nos. 37 and 38 
are all marine forms. The only other known species of this subgenus is 
N.(V.) baptista White, from the Laramie strata at Black Buttes Station, 
where its associates are both fresh- and brackish-water forms. In vol. 
iv, Expl. & Sur. West of the 100th Merid., I described and figured a 
form from Cretaceous rocks of Utah, which I referred to N. ( V.) carditot- 
des Meek, but which possibly belongs to another, but closely allied, spe- 
cies. Its associates there are understood to be marine forms only. 

30. Neritina (Velatella) carditoides Meek. 

See remarks under Nos. 29 and 35. 


37. Neritina (Velatella) patelliformis Meek. 
See remarks under Nos. 33 and 35. 
38. Neritina ( Velatella) patelliformis var. weberensis White. 
See figures and description in another part of this volume. 
39 Duspira coalvillensis White. 
Found only at Coalville and in the first ridge of Mr. Meek’s section. 
40. Gyrodes depressa Meek. 


This well-marked species has been found only in the form of casts, and, 
so far as I am aware, only from the sandstones of the second ridge of 
Mr. Meek’s section. 
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41. Anchura fusiformis Meek. 

This species was found associated with No. 39, at Coalville; and also 
in the Cretaceous sandstones at Old Bear River City, some thirty-five © 
miles to the northeastward, where it is associated with Inoceramus prob- 
lematicus &e. 


42. Turritella coalvillensis Meek. 

This, together with Nos. 33, 34, 36, 43, 44, 45, 48, and other species, 
was found in a calcareous sandstone layer in the first ridge of Mr. 
Meelk’s section at Coalville. It has also been found in Southern Utah. 


43. Turritella sptronema Meek. 
See remarks under No. 42. 

44, Turritella (Aclis ?) micronema Meek. 
See remarks under No. 42. 


45, Turbonilla (Chemnitzia ?) coalvillensis Meek. 

This form is much like those in the Laramie beds of Bear River Valley 
which Mr. Meek and myself have referred to Goniobasis. None of the 
Coalville specimens are entirely perfect, but, so far as I can see, their 
marine associates only, suggest the impropriety of classifying them 
generically with the Laramie fossils just mentioned. 


46. Mulimella? inconspicua Meek. Bee 

This, together with No. 35 and other species, was found by Mr. Meek 
in stratum No. 16 of his section at Coalville, associated with brackish 
and fresh water forms. See remarks under No. 29. 


47. Hulimella? chrysalis Meek. 
See remarks under Nos. 29 and 45. 


48. Hulimella? funicula Meek. 


This species, unlike the two next preceding ones, which have been 
referred to the same genus, has marine associates only, having been 
found at Coalville only in a layer of caleareous sandstone in the first 
ridge of Mr. Meek’s section. I described and figured a form from the 
‘North Fork of Virgin River, Utah, in vol. iv Expl. & Sur. West of the 
100th Merid., and referred it to this species, with which it is probably 
identical. It was there associated with a form which I referred to 
Admetopsis gregaria Meek, and the two species are also found associated 
together at Coalville. 
49. Valvata nana Meek. 

This little shell was discovered by Mr. Meek in stratum No. 16 of his 
Coalville section. See remarks under No. 29. . 
50. Fusus (Neptunea ?) gabbi Meek. 

This and the following species were found in the sandstones of the 
second ridge of Mr. Meek’s section, and, so far as I am aware, they have 
never been recognized at any other locality. 

D1. Musus (Neptunea) utahensis Meek. 

See remarks under No. 49. 

52. Admetopsis rhomboides Meek. . 

This form and No. 53 are associated together at Coalville, and I be- 
lieve them to be specifically identical. : 
53. Adimetopsis gregaria Meek. 

See remarks under Nos. 48 and 52. 
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BA. Admetopsis subfusiformis Meek. 
‘This form is figured in another part of this volume from a drawing by 
Mr. Meek. I have some doubts as to its generic relation with Nos. 52 
and 53. 


55. Baculites ovatus Say ? . 


The only example of any Cephalopod that has been discovered in the. 
whole Cretaceous series at Coalville is a fragment of a small Baculites 
that seems to belong to B. ovatus Say. It was found in thin-bedded 
sandstone immediately overlying the strata from which Mr. Meek ob- 
tained the estuary forms that are mentioned under No. 29. 

The series of strata exposed at and in the neighborhood of Coalville, as 
represented by its invertebrate fauna, is a remarkable one in several re- 
spects. There can be no doubtof the Cretaceous age of that whole series, 
of strata. together with its fauna, as shown in the foregoing list of fossils; 
but yet, out of the fifty-five species there enumerated, only seven, namely, 
Nos. 5, 10, 11, 12, 40, 41, and 55, indicate the Cretaceous age of the strata, 
or that they belong to an earlier period than the Tertiary. Out of these 
fifty-five species also only four of them, namely, Nos. 3, 10, 19, and 55, 
have been found outside of the region adjacent to the east flank of the 
Wasatch Mountains and extending southward to Northern Arizona, and 
the identity of Nos. 3 and 54 issomewhat doubtful. Iurthermore, about 
half of these species have hitherto been found only at and in the imme- 
diate neighborhood of Coalville, although they perhaps exist in the equiv- 
alent strata of the region that has just been referred to. 

The absence from this series of Cretaceous strata at Coalville of such 
species as characterize the respective Cretaceous groups which have been 
established makes it impracticable to refer them to any one or more of 
those groups with certainty. Moreover, although the aggregate thick- 
ness of the strata there is greater than we should expect to find any one of 
those groups to possess the series seems to be a perfectly unbroken one, 
both stratigraphically and paleontologically. I think there is no reason 
for doubt that the greater part of the series at least is referable to the Fox 
Hills Group as it is developed and understood in Colorado and adjacent 
parts of Utah and Wyoming. The possibility that the lower portion of 
the series may be referable to the upper portion of the Colorado Group is 
suggested only by the greater thickness of the series than the Fox Hills 
Group usually attains, ‘and the presence in those lowest strata of the 
Coalville section of Inoceramus problematicus. On the other hand this 
species has been found at Old Bear River City associated with forms that 
occur in the top of the second ridge at Coalville, the strata of which evi- 
dently belong to the Fox Hills Group. The real relations of these Coal- 
ville strata and their equivalents will doubtless be ascertained by tracing 

and studying the Cretaceous strata Sa to the Missouri and 
Yellowstone Rivers. 

These Coalville deposits were probably made in comparatively shal- 
low waters; yet the lithological evidence of it is no greater than that 
presented by those widespread Cretaceous strata which contain the more 
common and well-known marine forms. At least, the character of their 
invertebrate fauna seems to have been greatly modified by the prox- 
imity of a then existing western shore to the Cretaceous sea. This view 
is supported by the presence of palustral, littoral, and estuary forms in 
some of the strata of the series, but the modification referred to, while 
doubtless due remotely to the same cause, is separate from such local 
conditions as gave those estuary moilusks their congenial habitats with- 
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out modifying their types, and affected all or nearly all the marine 
species also. . 

_A marked contrast between the invertebrate fauna of the Coalville 
series and that of the whole Upper Missouri River series is shown in the 
almost entire absence of Cephalopods from thé former, while the profus- 
ion and great variety of such forms constitutes a marked faunal feature 
of the latter. It is hardly to be expected that the equivalents of those 
Coalville strata, even in that immediate region, will be found to be quite 
so deficient as the present collections indicate, but a comparative pau- 
city of them there is doubtless the rule. There is also a considerable 
contrast between the Cretaceous invertebrate fauna of ‘Texas, and the 
territories adjacent, and that of the Upper Missouri River region, but 
with which that of the Coalville region has no greater afiinity than with 
the former. 
_ The contrast between the invertebrate Cretaceous fauna of the Coal- 
ville region and that of the Upper Missouri River region, together with 
its representatives in Colorado and Wyoming, has a parallel in the dif- 
ference between the invertebrate fauna of the Laramie Group as repre- 
sented in the valley of Bear River and that of the same group in those 
other regions which have been already discussed in this report; and the 
contrast in both cases is probably due to similar causes. 

From the valley of the Weber I proceeded northward to that of Bear 
tiver, for the purpose of examining the Laramie strata there. The 
strata of this group have been much displaced in the region bordering 
the western side of Green River Basin, and the areas of surface upon 
which they are exposed are few and small compared with those more 
eastern regions of the Laramie Group which have already been noticed. 
This displacement of the Laramie strata has caused them to be uncon- 
tormable with the Wasatch beds that rest upon them, the degree of 
unconformity being great in some places and only slight in others. This 
condition of the strata will be considered on a subsequent page, in con- 
nection with the apparently uninterrupted deposition of both the Lara- 
mie and Wasatch Groups farther eastward. The only. localities of 
Laramie strata which I visited in this region are in two neighborhoods 
a few miles apart, in the valley of Bear River. The principal of these 
localities are in the neighborhood of the crossing of the Union Pacitie 

Railroad, near Mellis Station on that railroad, and also near the mouth 
of Sulphur Creek and some eight or ten miles southeastward from Hvan- 
ston, Wyo. The Laramie strata exposed in this neighborhood are those 
which are represented by Mr. Meek in No. 28 of his section of the rocks 
of that vicinity, as shown on page 451, An. Rep. U.S. Geol. Sur. Terr. 
tor 1872, and which have become so generally known as the “ Bear River 
Estuary Beds.” They are there about 500 feet: in thickness, and con- 
formably with them, in upward order, about 200 feet in thickness of dark’ 
gray shales occur, which contain teliost fish-scales; but no other fossils 
were obtained from them. My examination of this neighborhood added 
little to a knowledge of these strata beyond that which had already been 
published by Mr. Meek and Mr. King, except that I found them quite 
fully exposed on the west side of the river, which fact is not shown on 
Mr. King’s map, nor mentioned by Mr. Meek. My collections, however, 
embrace some species not before known. 

' The Laramie strata of the other neighborhood comprise the exact 
equivalents of those near Mellis Station, and contain an abundance of 
the same fossils, together with the Evanston coal series, the best develop- 
ment of which appears at the little hamlet of Alny, three miles north- 
ward from Evanston. From that point to about four miles farther north- 
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ward these Laramie strata are found exposed in the east valley-side of 
Bear River. This coal-bearing series contains an entirely different fauna 
from that of the beds beneath; but because of its apparent stratigraph- 
ical conformity with them, and the fact that some of its fossils have 
been identified with Laramie fossils elsewhere, I refer the whole to the 
Laramie Group. The equivalent strata in this neighborhood of the dark 
gray shales in the other, which contain the teliost fish-scales, are a little 
greater in aggregate thickness, and a portion of them are composed of 
thicker layers, but their identity is easily recognized. For convenience 
of reference in the following remarks I shall designate these, together 
with the coal-bearing series, as the “upper beds”; and those beneath 
them, containing the brackish-water fossils, I shall, for the same purpose 
of local reference and present discussion, use the term “lower beds.” 
Of invertebrate fossils only fresh-water and land shells have been found 
in the upper beds, and these only at the Almy or Evanston-coal mines; 
but those of the lower strata embrace both brackish and fresh water 
molluscan forms, the latter including a few palustral pulmonates. Among 
those brackish and fresh water forms are two or three types which have 
neyer been recognized except in these lower beds or their immediate 
equivalents, and nearly their whole fauna is in marked contrast with 
that of any other portion of the Laramie Group. The following list is 
intended to embrace all the invertebrate fossils that have hitherto been 
found in the Laramie strata of Bear River Valley within the limits of 
Southwestern Wyoming: 


LIST OF LARAMIE FOSSILS FROM BEAR RIVER VALLEY, WYOMING. 


1. Membranipora? 
2. Ostrea 

3. Volsella 2 

4. Unio vetustus Meek. 

5. Unio belliplicatus Meek. 

6. Pisidium saginatum White. 

7. Spheriwn ———? 

8. Corbicula ( Veloritina) durkeei Meek. 

9. Corbula pyriformis Meek. 
10. Corbula Englemanni Meek. 
11. Rhytophorus priscus Meek. 
12. Rhytophorus meeki White. 
13. Limnea (Limnophysa) nitidula Meek. 
14. Acella haldemani White. 
15. Planorbis 2 
16 
7 
18 
19 
20 
21 
22 
23 
24 


. Bulinus longiusculus Meek & Hayden. 
. Bulinus subelongatus Meek & Hayden. 
. Bulinus disjunctus White. 
. Macrocyclis spatiosa Meek & Hayden? 
. Helix evanstonensis White. 
. Columna teres Meek & Hayden. 
. Neritina naticiformis White. 
. Goniobasis arcta Meek. 
. Goniobasis cleburni White. 

25. Goniobasis chrysallis Meek. 

26. Goniobasis chrysaloidea White. 

27. Goniobasis endlichit White. 

28. Pyrgulifera humerosa Meek. 

29. Hydrobia recta White. 
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30. Viviparus couesi White. 

31. Campeloma macrospira Meek. 
32. Spirorbis ? 

33. Cypris 2 

34. Cycloid fish-seales. 

35. Nutlets of Chara. 


NOTES ON THE LARAMIE FOSSILS OF BEAR RIVER VALLEY, WYOMING. 


1. Membranipora ? 


Some fragments of a Polyzoan were found inerusting the surface of 
Corbula pyriformis and other shells of the lower beds, which are appar- 
ently of the same species as those found on the oyster-shells at Point of 
Rocks, mentioned on a former page. They are too imperfect for satis- 
factory classification, but are of some value as additional evidence of at 
least some degree of saltness of the water in which the associated mol- 
lusks lived. 


2. Ostrea 2 


A few separate valves of an undetermined species of Ostrea were found 
here and there in the lower beds; and in some places a thin layer was 
found mainly composed of them. They are all comparatively small 
shells, and all seem to have been somewhat waterworn before being 
finally imbedded. 


_ 3. Volsella 2 


A couple of fragments only of a small undetermined species of this 
genus were found near Mellis Station. 


4, Unio vetustus Meek. 


Shells of this species are quite abundant in the lower beds, a large 
proportion of which have both valves unseparated. It is figured and 
described in vol. iv, U.S. Geol. Sur. 40th Parallel, and also in U.S. Expl. 
Great Basin of Utah (Simpson). 


5. Unio belliplicatus Meek. 


This species is found associated with No. 4 and in similar condition; 
but it is not quite so abundant. It is figured and described in vol. iv, 
U.S. Geol. Sur. 40th Parallel. This species is an interesting one because 
of the fact that its style of surface ornamentation is different from that 
of any other known North American species, either fossil or recent. 


6. Pisidium saginatwm White. 


Only three or four examples of this species were discovered, and these 
only at the Evanston coal-mines, in the upper Laramie beds there. 


7. Spherium 2 


A few casts only of a small-species of this genus were found associated 
with numerous other small fresh-water shells in a gray clayey layer, 
about 40 feet above the principal bed of coal at the Evanston mines. 


8. Corbicula (Veloritina) durkeet Meek. 


A large number of examples of this species exist in the lower beds 
wherever they have been exposed. Itis the type of Meek’s subgenus 
Veloritina, and is described and figured by him in vol. iv, U. 8. Geol. 
Sur. 40th Parallel. Among thecollections made by Lieutenant Wheeler’s 
parties in the valley of Virgen River, Southern Utah, I identified this 
species, and figured and described it in vol. iv, U. S. Expl. and Sur. 


West of the 100th Merid. 
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9. Corbula pyriformis Meek. 

This is also an abundant species in the lower beds, and, like many of 
its associated bivalves, a large proportion of the examples have both 
valves unseparated. It is figured and described in vol. iv, U. 8. Geol. 
Sur. 40th Parallel and also in U. 8. Expl. Great Basin of Utah (Simp- 
son). 


10. Corbula englemanni Meek. 
Probably only a variety of No. 9 (loc. cit.). 


11. Rhytophorus priscus Meek. 

This is evidently a littoral pulmonate, closely related to Melampus, 
and it doubtless had a similar saline habitat. Itis the type of the genus, 
and is described and figured by Meek in vol. iv, U. 8. Geol. Sur. 40th 
Parallel, and also in U. 8S. Expl. Great Basin of Utah (Simpson). 


12. Rhytophorus meckit White. 

This is possibly only a variety of No. 11, but the observable differences 
seem to be of specific value. It is described in Powells Report on the 
Geology of the Uinta Mountains, p. 118. 


13. Limneea nitidula Meek. 

Mr. Meek figured and described this species in vol. iv, U. 8. Geol. 
Sur. 40th Parallel. It is quite abundant in some of the layers near 
Mellis Station, where it is associated with numerous fresh- and brackish- 
water forms. 


14. Acella haldemani White. 

Among the siliceous debris remaining after an acid solution of some 
pieces of caleareous shaly rock found among the fossiliferous layers near 
Mellis Station, several examples of this species were discovered. It has 
never been discovered elsewhere, and so far as I am aware no other 
species of this genus has ever been found fossil. It is important as 
adding another indication of the great degree of differentiation which the 
’ pulmonate mollusca had attained at that early epoch. It is described in 
Bull. U. 8. Geol. Sur. Terr. vol. iv, p. 714. 


15. Planorbis — ? ; 

Among the debris associated with Nos. 14 and 15, numerous examples 
of a minute Planorbis were found. They are all of nearly uniform size, 
which suggests the possibility that they are adult; but they are prob- 
ably young examples of a larger species. No other examples of Planor- 
bis were found in the lower beds, but in the upper ones at the Evanston 
cca apa some fragments of another but undetermined species were 

ound. 


16. Bulinus longiusculus Meek & Hayden. . 

Among a considerable number of examples found in the upper beds at 
the Evanston coal-mines, referable to Bulinus, are some that I refer with 
some confidence to B. longiusculus and B. subelongatus respectively. The 
former was originally discovered in the Fort Union, and the latter in the 
Judith River beds, both in the Upper Missouri River region; and both 
are figured and described in vol. ix U. 8. Geol. Sur. Terr. 


17. Bulinus subelongatus Meek & Hayden. 


A single specimen found associated with Nos. 13, 14, 15, and others 
in the lower beds near Mellis Station, appears to belong to this species. 
See, also, remarks under No. 16. — 
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18. Bulinus disjunctus White. 

This species is described in a foot-note on page 170 of this report. It 
has been found in the Laramie beds of the valley of Crow Creek, Eastern » 
Colorado, and in the upper beds at the coal-mines near Evanston, Wyo., 
there is a form which is probably specifically identical with it. 


19. Maerocyclis spatiosa Meek & Hayden? 


A species evidently referable to this genus, and, so far as the somewhat 
unperfect examples will admit of comparison, seems to be identical with MM. 
spatiosa, was found in the upper beds at the Evanston coal-mines. This 
species is described and figured by Mr. Meek in vol. ix, U. 8. Geol. Sur. 
Terr., and is there referred to the Wind River Group. Overlooking this 
fact, but following a general label found accompanying a tray of Upper 
Missouri fossils, among which were the types of both this species and 
Columna teres Meek & Hayden, I referred them both to the Judith 
Rtiver Group in the table on page 722, Bull. U. 8. Geol. and Geog. Sur. 
Terr. vol. iv. Concerning the Columna, the error, if it be one, amounts 
to but little, as it is now well known that several species of fossils which 
respectively characterize the Judith River and Fort Union beds, are 
associated together in the same strata of the Laramie Group elsewhere. 
As to the Macrocyclis I can at present only say that the examples which 

obtained from the Upper Laramie beds at the Evanston coal-mines in 
Bear River Valley answer well to the description and figures of M. spati- 
osa given by Mr. Meek. It is true my examples are not perfect, and it 
may be that when better ones are found they will show specific differ- 
ences from the types of MW. spatiosa. 


20. Helix evanstonensis White. , 

This species was found in the upper beds at the Evanston coal-mines, 
and is described in Bull. U. 8. Geol. and Geog. Sur. Terr. vol. iv, p. 714, 
where the mention of its locality was inadvertently omitted. 


21. Columna teres Meek & Hayden. 
So far as the specimens will admit of comparison this species appears - 
to be identical with C. teres from the Fort Union beds of the Upper Mis- 
sourl River region, the type of which is figured in vol. ix U.S. Geol. 
Sur. Terr. (See remarks under No. 19.) 
22. Neritina naticiformis White. 
This small shell was found quite plentifully in certain of the clayey 
layers of the lower beds near Mellis Station, but it has not been discov- 


ered elsewhere. It is deseribed in Bull. U.S. Geol. and Geog. Sur. Ter., 
vol. iv, p. 715. 


23. Gontobasis arcta Meek. 


Associated with Nos. 13 and 22 and other species in the lower beds 
near Mellis Station numerous examples have been found which answer to 
the figure and description of G. arcta as given by Meek in U. 8. Expl. 
Great Basin of Utah (Simpson). The locality is there given as “ Ham’s 
Fork,” but this reference is probably an error, as was that of its associ- 
ate (No. 13 Limnea (Limnophysa) witidula), as shown by Mr. Meek in U. 
S. Geol. Sur. 40th Parallel, vol. iv, p. 182. 


24. Goniobasis cleburni White. 

This, together with the two following species, which have been found 
only in the lower beds of the Bear River Group in Bear River Valley, 
forms a natural group, which might properly be regarded as a section 
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under Goniobasis. It is described in Powell's Report on the Geology of 
the Uinta Mountains, p. 122. 
25. Goniobasis chrysallis Meek. 


Described in An. Rep. U.S. Geol. Sur. Terr. for 1870, p. 316. (See 
remarks under No. 24.) 


26. Goniobasis chrysaloidea White. 

Described in Powell’s Report on the Geology of the Uinta Mountains, 
p. 123. The figure given by Professor Hall in Fremont’s Exploration 
of Oregon and Northern California of his Cerithium Fremonti so much 
resembles this species as to suggest the possibility that it may be iden- . 
tical. (See remarks under No. 24.) 


27. Goniobasis endlichi White. 

This is rather a rare species, having been found only in the lower beds 
seven miles northward from Evanston, where it is associated with the 
common species of those beds. It posesses the raised revolving lines of 
the three foregoing species, but is without their longitudinal varices or 
ridges. It is described in the Bull. U.S. Geol. and Geog. Sur. Terr., 
vol. iv, p. 716. In the Evanston coal-mines some fragments of a species 
have been obtained which indicate that it resembles this in its surface 
markings, but that it is a smaller and more slender species. 


28. Pyrgulifera humerosa Meek. 

This is one of the most abundant and characteristic species of the 
lower beds of the Laramie Group in Bear River Valley. Mr. Meek made 
it the type of his genus Pyrgulifera, and described and figured it in the 
U.S. Geol. Sur. 40th Parallel; and also in U.S. Expl. Great Basin of 
Utah (Simpson). It is probably a widely-distributed species in the 
equivalents of the Bear River Laramie. Among some fossils brought 
.by Professor Powell from Upper Kanab, Southern Utah, I have recog- 
nized this species, together with some which characterize the Laramie 
Group farther eastward, but I do not know whether they were there as- 
sociated together in the same layers. 


29. Hydrobia recta White. 

This species has been found only in the upper beds at the coal-mines, 
three miles from Evanston. It is associated with fresh-water and land 
shells only, and is probably not a true Hydrobia, but the condition of the 
specimens does not warrant a conclusive reference to any other genus. 
It is deseribed in Powell’s Report on the Geology of the Uinta Mount- 
ains, p. 132. 


30. Viviparus couesi White. 

This is the largest species of Viviparus known tome. It has has been 
found only in the lower Laramie beds of the Bear River Valley, but 
examples of it have been obtained wherever those strata have been exam- 
ined by me. It is described in the Bulletin U. 8. Geol. Sur. Terr. vol. iv, 
p. 717. Mr. Meek gave two figures of an imperfect example of it in U. 
S. Geol. Sur. 40th Parallel, vol. iv, pl. 17, fig. 15 and 15a, under the 
generic name of Campeloma, but without a specific name. It has the 
straight outer lip and other characteristics of Viviparus, and not the 
sinuate outer lip of Campeloma. 


31. Campeloma macrospira Meek. 


This species is associated with No. 30, and has been found in consider- 
able numbers wherever the lower beds are exposed in Bear River Valley. 
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Mr. Meek describes it and figures an imperfect example in the United 
States Geological Survey 40th Parallel. 


32. Spirorbis ? 

Near Mellis Station some examples of a minute coiled shell resem- 
bling a Spirorbis were found attached to Unio vetustus and other associ- 
ated shells. Itis possible that they are the first coils or young examples 
of the Planorbis, No. 15, but they seem to have been of a parasite or 
commensal habit. Water that was salt enough for Corbula, Membran- 
pora, &e., would no doubt have been congenial for Spirorbis. 

33. OCypris ? 

Multitudes of casts of a species of Cypris were found in the gray 
clayey shale, 40 feet above the principal bed of coal at the Evanston coal 
mines, belonging to the upper Laramie beds. 

In this soft, clayey shale were also found, besides the Spherium and 
Cypris already mentioned the casts of numerous other small shells, mostly 
those of Physa or Bulinus; and in addition to these, a few cycloid fish- 
scales; also associated with Nos. 37 and 38 numerous minutes nutlets of 
a species of Chara were found. 

Besides the species enumerated or referred to in the foregoing list, 
there are among the collections, especially those from the upper beds, 
fragments that indicate the existence of several yet undetermined species 
of invertebrate fossils. 

In all the other collections of Laramie fossils that have been discussed 
in this report some species are represented which connect the strata of 
the different localities from which they respectively came, as unmistaka- 
bly belonging to the great Laramie Group; but a comparison of the col- 
lections from the lower beds of Bear River Valley with all the other 

_ collections of Laramie fossils is one entirely of contrast, so far as specific 
identity is concerned, unless the Bulinus mentioned under No. 17 be an 
exception. Moreover, as has already been mentioned, these lower beds 
of the Bear River Laramie contain two or three molluscan types of generic 
or subgeneric value, that have never been found elsewhere, besides some 
other modifications of type perhaps of less value than the others, but 
still sufficiently characteristic. 

Inquiring into the inhabitaney of the whole fauna of these lower beds 
we do not find an indication that its condition, so far as saltness of the 
water is concerned, was materially different from that of the brackish- 
water fauna of the Laramie Gr oup in general, there being always, and in 
the case of both faunze, a mixture of both brackish and fresh water forms, 
with some palustral pulmonates and an occasional land shell. The 
marked difference, then, between the invertebrate fauna of the lower beds 
of Bear River Laramie and that of the group in general is not such as is 
produced by a change in the saltness or by a complete freshening of the 
inhabited waters ; but it is evidently due to other causes. My owninves- 
tigations of these strata have been far too limited to warrant any present 
discussion of the causes that have produced these faunal differences, but 
there seems to be little room for doubt that it was due in large part to 
conditions consequent upon the proximity and character of the western 
shore of the Laramie sea. It will also be remembered that the Cretaceous 
fauna of the Coalville series, which occupies a similar relative geological 
position, shows almost if not equally as great a contrast with that of its 
assumed equivalent strata which occupy the same regions farther east- 
ward with the various Laramie strata herein discussed. But after all the 
inquiry naturally arises, ave these Bear River beds properly referable to 
the Laramie Group, and, if so, are they true equivalents of those Lara- 
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mie strata that have already been discussed in this report? Too much 
yet remains to be done in the investigation of these beds and their fauna 
to admit of definite replies to these questions, but the following already 
ascertained facts have an important bearing upon them. In the section 
published by Mr. Meek in the An. Rep. U. 8. Geol. Sur. Terr. for 1872, 
p. 451, these brackish-water Laramie beds are seen to come in the series 
above the Fox Hill Cretaceous strata. In the neighborhood extending 
from three to seven miles north from Evanston the coal series is seen to 
rest upon the brackish-water beds, and in turn to be overlaid by the | 
Wasatch Group. This warrants their general reference to the Laramie 
Group, but whether they may not be older than any of the other Laramie 
strata that have been discussed in this report remains for further inves- 
tigation to decide. The fact that some of the invertebrate types of 
these brackish-water beds are apparently extinct, while none of those of 
the other Laramie beds are now known to be so, suggests their greater 
antiquity, but does not necessarily prove it; especially so as those types 
are not known in older strata. On the other hand some of the species 
in the upper beds at the Almy coal mines, some 400 or 500 feet above 
the range of the brackish-water species, are regarded as identical with 
forms that have been found both in the Fort Union and the Lignitic beds 
of the Laramie Group east of the Rocky Mountains in Colorado. It 
should furthermore be remarked that the conditions of the strata at the 
junction of the Fox Hills Group with the brackish-water Laramie beds 
in this region are not accurately known; and also that I am not sure of 
the exact conformity of the coal-bearing upper beds upon the latter ;- 
while the unconformity of the Wasatch, upon the Laramie in this region, 
is well known to be general. It therefore seems not improbable that the 
displacements which took place in this region were not confined to the 
immediate close of the Laramie period, but that other lesser movements 
took place at different times between the close of the Fox Hills epoch 
and the earlier part of that of the Wasatch. 

The displacements that took place at or near the close of the Laramie 
period, in what is now the vicinity of Bear River Valley, were very great, 
and they are doubtless of considerable extent in this region, although 
not at all apparent in a large part of the Green River Basin. They in- 
volved not only the Laramie strata, but the older groups also; at least 
those of the Fox Hills and Colorado Groups, which are seen to be so in- 
volved in this inmediate neighborhood, if the latter have been correctly 
identified. This is shown in Mr. Meek’s section of the strata in the val- 
ley of Sulphur Creek at its confluence with Bear River, which has already 
been referred to. That section shows not only abrupt and deep foldings 
of those strata, but certain slips or faults also. The portion of it which 
is numbered 28 consists of the brackish-water Laramie beds as they are 
seen at Mellis Station on the east side of Bear River, and which there 
appear to occupy the east side of an abrupt synelinal fold. No strata 
above those of the Laramie Group appear to be involved in this sharp 
fold, against the upturned strata of which those of the Wasatch Group 
appear to abut unconformably. The whole group is probably thus in- 
volved, but the upper beds, as seen at the Evanston coal-mines, have not 
been discovered there, the waters and scattered shingle of Bear River 
covering the surface they would otherwise occupy if present. The Lar- 
_ amie strata that occupy the western side of the fold appear upon the 
western side of Bear River, a couple of miles southwestwardly from 
ele Station, those of both sides of the fold being nearly perpendic- 

ar. 

Flanking these upturned Laramie strata upon their west side, and in 
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contact with them, I found a small exposure of Fox Hills strata, which 
are composed of soft sandstones and, like the Laramie strata there, they 
are nearly vertical. From one of these Fox Hill’s layers I obtained a 
small collection of fossil shells, all of which are imperfect, and some of 
the species which they indicate are not recognizable. The ‘dentitication 
of those of the following list is probably correct, and shows an intimate 
relation of these strata with those of the Coalville series. 


LIST OF CRETACEOUS FOSSILS FROM THE VALLEY OF BEAR RIVER, 


WYOMING. 
. Ostrea ? 
. Volsella (Brachydontes) multilinigera Meek. 
. Nucula ? 


. Barbatia coalvillensis White. 

. Cardium trite White? 

. Cyrena securis Meek. 

. Tellina? modesta Meek. 

. Tellina (Arcopagia?) utahensis Meek. 
. Corbula dubiosa White.* 


COMONATF Che 


NOTES ON THE CRETACHOUS FOSSILS OF BEAR RIVER VALLEY. 


1. Ostrea 2 

The examples of this oyster are numerous and many of them well pre- 
served, but they are all smali, and so wanting in specific characters that 
‘ they cannot be satisfactorily identified with any published species-or de- 
scribed as new. They are possibly identical with O. coalvillensis Meek. 
- 2. Volsella (Brachydontes) multilinigera Meek. 

This species was originally discovered by Meek at Coalville. It also 
occurs near Hilliard Station, four miles east of this locality. 

3. Nucula ? 

The examples are too imperfect for specific determination. They in- 
dicate a species much like WV. planimarginata Meek & Hayden. 
4. Barbatia coalvillensis White. 

Hitherto discovered only at Coalville. (See remarks under head of » 
Cretaceous fossils of that locality.) 

5. Cardiwn trite White. 

The examples found here are only imperfect casts, but the surface 
markings are more nearly like those of C. trite than those of either 
C. curtum or C. subcurtum, the only two other species of Cardiwm that 
are likely to be found in these strata. OC. trite was discovered at the 
head of Waterpocket Caion, Utah, by Mr. Gilbert, and is described 
and figured in another part of this volume. 

6. Cyrena securis Meek. 

This species has been discovered at Coalville pe also at Hilliard Sta- 
tion, four miles east of this locality. It is described and figured in 
another part of this volume. 

7. Tellina? modesta Meek. 

A Coalville species. (See remarks under that head.) 
8. Tellina (Arcopagia?) utahensis Meek. 

See remarks under notes on Coalville fossils. 


*See following remarks under No. 9. 
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9. Corbula dubiosa White. 


This species has never been described. It is the one that has been 
referred to at different times by myself and Mr. Meek when discussing 
the fossils of Coalville, and is figured by Mr. Meek in U. S. Geol. Sur. 
40th Parallel, vol. iv, pl. 14, f. 2. It appears so often among the Creta- 
_ ceous fossils of this region, although the examples are usually imperfect, 

that the foregoing name is given to it, provisionally, as a matter of con- 

venience. 
Crossing Bear River we proceeded eastward up the valley of Sulphur 
_ Creek, along the line of Mr. Meek’s section, as given in An. Rep. U.S. 
- Geol. Sur. Terr. for 1872, p. 451, and which has already been referred to 
- in relation to the Laramie strata of Bear River Valley. From No. 12 of 
_ that section, immediately overlying the bed of coal* there, I collected 
numerous examples of Inoceramus problematicus Schlotheim, and a few 
imperfect examples of Anchura fusiformis Meek? These strata belong 
- without doubt within the limits of the consolidated Fox Hills Group, 
- notwithstanding the presence there of Inoceramus problematicus. 

Continuing up the valley to Hilliard Station I obtained the fossils of 
the following list from Fox Hills strata there which are not represented 
in Mr. Meek’s section, but which are equivalent with some of those within 
that section about three miles further westward. 


—s_-* 


LIST OF CRETACEOUS FOSSILS COLLECTED AT HILLIARD STATION, 
WYOMING. 


. Ostrea soleniscus Meek. 

. Placunopsis hilliardensis White. 

. Volsella (Brachydontes) multilinégera Meek. 

. Cardium curtum Meek & Hayden. 

. Cardium subcurtum Meek. 

. Cyrena securis Meek. 

. Corbula dubiosa White. 

. Neritina incompta White. 

. Turbonilla (Chemnitzia ? ) coalvillensis Meek. 


COMI OUP Cobo 


NOTES ON THE CRETACEOUS FOSSILS OF HILLIARD STATION. 


1. Ostrea soleniscus Meek. 


This species is common in the vicinity of Coalville, and, so far as Iam 
aware, it has never been found except in this region, bordering the west- 
ern side of the Green River Basin. It seems also to have a great ver- 
tical range within the Fox Hills Group. 


2. Placunopsis hilliardensis White. 

Discovered only at this locality. It is described and figured in another 
part of this volume. 
3. Volsella (Brachydontes) multilinigera Meek. 

See remarks under head of notes on Cretaceous fossils of Coalville, 
and also on those of Bear River Valley. 
4, Cardium curtum Meek & Hayden. 

See remarks under head of notes on Cretaceous fossils of Coalville. 


*The mining of this coal was abandoned with the abandonment of Old Bear River 
City, upon the site of which it was formerly worked. It has been thought that this 
bed of coal is equivalent with the lower one at Coalville, but it is more probably equiv- 
alent with that of Carleton’s mine, at the same place. 


250 REPORT UNITED STATES GEOLOGICAL SURVEY. 


5. Cardium subcurtum Meek. 
See remarks under head of notes on Cretaceous fossils of Coalville. 


6. Cyrena securis Meek. 


-See remarks under head of notes on Cretaceous fossils of Bear River — 
Valley, and also on those of Coalville. 


7. Corbula dubiosa White. 
See notes on Cretaceous fossils of Bear River Valley. 


8. Neritina incompta White. { 


Discovered only at this locality. It is described and figured in another 
part of this volume. 


9. Turbonilla (Chemnitzia?) coalvillensis Meek. 


See remarks under head of notes on Cretaceous fossils of Coalville. It - 
is described and figured in another part of this volume. 

A glance at these collections from Bear River Valley and near Hillard 
Station, in the valley of Sulphur Creek, the two localities being only . 
about four miles apart, shows that the Cretaceous invertebrate fauna 
here, although much less fully represented, is essentially the same, and 
quite as peculiar as that of Coalville. In discussing the Coalville fossils 
it was shown that we may expect to find a similar Cretaceous fauna 
south of the Uinta, and east of the Wasatch Mountains; and it now 
appears equally certain that we shall find that peculiar fauna to extend 
further northward than the valley of Bear River. 

In connection with the strata which are exposed along the valley of 
Sulphur Creek, a part only of which are represented in Mr. Meek’s see- 
tion, there are some near Hilliard Station that appear to possess the 
peculiar characteristics of the Colorado Group, but which inclement 
weather prevented me from investigating. If this supposition be cor- 
rect, the strata coming in the series between them and those of the 
Laramie Group of course belong to the consolidated Fox Hills Group. 
As these strata here have an aggregate thickness of not less than 3,000 
feet, it is probable that the whole fossiliferous series of Cretaceous rocks 
at Coalville are referable to the same group; especially so as, almost 
without exception, the fossils of the Bear River and Sulphur Creek 
strata have been recognized in the Coalville series. 

While making the foregoing observations in the valleys of Bear River 
and Sulphur Creek, a fall of snow gave admonition of the approaching 
close of the season, and I therefore then went eastward to Green River, 
crossing it at Green River City. From there I passed up Bitter Creek, 
a tributary of Green River, and the weather being then favorable, Imade 
the observations upon the Laramie strata there, which have been re- 
corded on preceding pages of this report. 

From Black Buttes Station eastward to Bitter Creek Station our route 
was over the strata of the Wasatch Group, the dip being gently to the 
eastward, but becoming very slight or hardly perceptible in the neigh- 
borhood of the last-named station. From this station our route was near 
to and parallel with the Union Pacific Railroad until we left the field at 
Rawlins’ Springs. As far east as Red Desert Station our course seemed 
to be directly upon the line of strike, and near or upon the division be- 
tween the Wasatch and Green River Groups. In this region as well as 
at other places where I have examined these two groups near their junc- 
tion, it is impossible to say where one ends and the other begins. ‘This 
is rendered still more difficult by the fact that the best known of the mol- 
lusean species of both groups range from the Wasatch up into the Green 
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River Group ; and also by the fact that several similar fossiliferous hori- 
-zous occur near to and both above and below the plane where, for stra- 
tigraphical reasons, we find it desirable to make the division between 
the two groups. 

_ Among some of the better known molluscan species just referred to, I 
found in these debatable strata, about three miles east of Table Rock 

Station, a small undescribed Planorbis, which I have called P. cirrus.* 

The last field-work that was done for the season was an examination 
of the Laramie strata between the continental watershed and the line of 
outcrop of the Fox Hills Group, between Separation Station and Raw- 
lins Springs. These strata have there all their usual lithological charac- 
teristics, and their aggregate thickness is estimated at not much if any 
less than 4,000 feet. The only fossils found there were a few fragments 

of Unio and a single imperfect specimen of Viviparus, apparently V. 

trochiformis Meek & Hayden. These were obtained near the railroad 

about a mile eastward from Separation Station. 


GENERAL DISCUSSION. 


The desirability of extending an established classification of strata over 
the whole of a great region or portion of a continent is two manifest to 
need comment. Within limited areas the lithological characteristics of 
strata are, as a rule, alone sufficiently constant for the ready recognition 
of natural groups; and in the Western Territories there is so unusual a 
degree of constancy in this respect that certain of the established 
groups of strata can thus be satisfactorily recognized over very large 
areas. But even in the most favorable cases of this kind the fossil con- 
tents of the groups are the most trustworthy guides to their identity ; 
while for their recognition over large or separate regions, their fossils 
are almost the only guides worthy of confidence. It is in view of these 
facts that the present plan for paleontological field-work has been estab- 
Bea the present report being that for the first season’s labors of this 

nd. 

The value of fossil collections for the purposes just indicated depends 
upon two circumstances, namely, the geographical distribution of the 
species and types, and their geological or vertical range; and for the 
purpose of giving a synoptical view of the species collected during this 
season’s labors, together with their geographical distribution, the two 
following general tables have been prepared, the one of Cretaceous, 
and the other of Laramie fossils. Similar and equally instructive tables 
of any and all other groups might be prepared, but the present object 
is to embrace only the results of my field observations for the year 1877. 

While there are, as has already been shown on preceding pages, 
some important exceptions to the rule of constaney of paleontological 
characteristics of beth the Laramie and Fox Hills Groups, the results of 
this season’s labors give great reason to hope that a perfectly harmo- 
nious classification may be established for the strata of both these and 
other epochs over the greater part of the national domain. These in- 
vestigations have been quite sufficient to show that the grouping of the 
Cretaceous strata which was proposed several years ago by Hayden and 


* This species has not been hitherto described, but may be characterized thus: Shell 
sma!l, discoid ; volutions six or seven, very slender, coiled closely and almost exactly 
in a plane so that the upper side is known only by the greater backward obliquity of the 
striw of growth; their transverse diameter a little greater than the vertical; surface 
smooth or marked only by the ordinary striw of growth. Diameter of the coil of the 
et Sak example discovered, 8 millimeters; transverse diameter of the last volution, 1} 
millimeters. 


= . . 
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Meek for the Upper Missouri River region constitutes a natural and 
reliable basis for the classification of the Cretaceous rocks of much the 
greater part if not all of the region embracing the Western States and 
Territories. The modification of that grouping which is followed in this 
report consists, as already explained on previous pages, only in omitting 
certain of the subdivisions which were recognized in the Upper Missouri 
River region, while the leading features are retained without change. 
These labors have also demonstrated the unity of all the principal 
brackish-water deposits hitherto known in the Western Territories, and 
justified their recognition as a comprebensive group of strata under the 
name of the Laramie Group, which represents a great period in geolog- 
ical time, and especially such in the geological history of North America. 
The known extent of the vertical range of each species named in the 
following table, within its own group of strata, has been indicated on pre- 
vious pages in the notes that follow each list of the fossils which were 
collected at the localities visited during the season. Their geographical 
distribution is indicated by columns in the table which represent certain 
arbitrarily designated regions embracing the whole extent of my season’s 
travels, to which is added for comparison a column representing the 
Upper Missouri River region. 


Table showing the geographical distribution of the Cretaceous species collected during the sea- 
son of 1877. 


FOX HILLS GROUP. 


| Eastern Colorado. 
Bear River Valley 


Northwestern Col. 
orado 


Upper Missour 
River region 
| Coalville, Utah 


. Caryophyllia egeria White .--.--.---02------------- ence nn senene----| -----|------ 
Lingula nitida Meek & Hayden......-..--------------------------- ee 
. Ostrea patina Meek & Hayden.....-.----------+-0005 oeee=0-------- 

Ostrea soleniscus Meek. ...--- -2--00 2-202 00- 00 wocanaemannnennane sen: |scacen|--=--+ 
Ostrea coatvillensis Meek. ...---.----- 2-2-5 ennn ee cemnncemenes enemas] ceess|=-—=-- 
Ostrea congesta Conrad: .----- --- 2. 0 22 c nn ncn an wee e ene me ene enn =| seen | == == 
. Osirea (Alectryonia) sannionis White ......------.--+--------------|------|------ 
Placunopsis hilliardensis White .---.-----0----+ ccacee-eccensnccnes-|-sceu-|ee--=- 
) Pieria haydent: Halll & Meeks oo oe aa <= ccie «mm jmiml wollte =) eim= =e el =le tel lee 

10. Pteria linguiformis Evans & Shumard........----.----------------- 

UR teria gastodes! NUCe a ao oe pee cyanea ele ate ate ote le meet eile aeteteee letter | telat 
12. Pteria (Pseudoptera) fibrosa Meek & Hayden........-..-----.------ 

13. Pteria (Pseudoptera) rhytophora Mcek.........---------------++----|------|------ 
14, Pteria (Pseudoptera) propleura Meck.......------.-.----- SaaS | |eaienee ie 
15. Pieria (Oxytoma) nebrascana Evans & Shumard.. 

16. Pinna lakesi White .......---------.- 
17. Inoceramus barabint Morton ...... 
18. Inoceramus howelli White ...--.-- 
19. Inoceramus erectus Meek .....-.-- : 
20. Inoceramus oblongus Meek. ..--...--------e-0---++------ eSceaccancalleasose 
21. Inoceramus vanuxemi Meck & Hayden....--..-.0------------------ 

22. Inoceramus pertenuis Meek & Hayden ........--.-22--------------- a epee 
23. Inoceramus problematicus Schlotheim .-.--..---.-...--.------------|------ 
24. Volsella (Brachydontes) multilinigera Meek....-.-.----------------- eva 
25. Crenella elegantula Meek & Hayden... .-...-...--.------.--------- 

26. Nucula planimarginata Meek & Hayden..-...-.--..-----.-- ------ Rel ese 
27. Nucula cancellata Meek & Hayden ...-..--..-- s20.-26------00----- x x | 0. See Pea eee 
28. Barbatia coaluillensis White ..-..--..<2---ee-<+ neces cacnn= canen: == poets ates nite pS x 

29) SpheriGlaPlOOlgRd NUCCNK oom cinta ole aie male asim ee oe cl neat itete imate |le lei = Fee eee eee ba SCS 
30. Spheriola? endotrachys Meek...-...--..-----------2+se-e02 - 220 eee x pe bree Gls) 5 
31. Tancredia americana Meck & Hayden.........-.-------- {oagsnchose x x) Meee Breas kisice ci 
ols LamerediaZicenonotus WWilie. 2 2222-2). ses enclee cee eielseiaieinteiel= silos <= = Pee PRE aces |S oes 
33. Veniella humilis Meek & Hayden ......-...-..----200---+----0-ee-- x pSate e eee8| ie cine, 
34. Oardiwm speciosum Meek & Hayden .........-.----++--+--+-------+ x x cise es ee : 
35. Oardium curtum Meek & Hayden........-..-.-02---0-----= concde|[osoeanffestiaa. || occas x x 
36. Cardiwm subcurtum Meek... -. BBD CERT E SEE orci ocnoen boc n OOO CEH S Hal Mapes Prete [ee auice x” x 
37. Cardium trite White. .-.--. -- SUERL ER Lele de Stee ee eeeeismeteer mies | acciaiee | dere the aenstenerel| rere x 
88. Protocardia rara Evans & Shumard....-. 22-2200. .nce00 enenenennnes x Faas Oe ee cess Ot, 


OOIAMPwre 


EA CHLONIIIG PTOBOCRCULG NV NItO.\...<0e aloccciacenderenseecscsctecescces|----00 
62. Melampus antiquus Meek 


664. Neritina bannisteri Meek 
6-65. Neritina inconypta White ...... .-..--.--. 


5 


74. Anchura haydeni White 


ITE.] DISTRIBUTION OF CRETACEOUS SPECIES. 


FOX HILLS GROUP—Continued. 


; 
: 
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. 5 = 2g a a = 
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20. Protocardia subquadrata Evans & Shumard.....-----+-----+0+-----| % | %  |---+--|eeee-- 
40. Cyrena carletoni Meek .....- (es See RE BA GAGS TAese Seu EESeco BAAS Ad esas | Rae x 
mueCurend gucuris Meek... J. 25..52-s.eecee cosets ETO CER Seen Fes Pere |S kame |S oe ee x 
42. Callista deweyi Meek & Hayden ..... See ne tee ae Ms a Sea x oN eae eceoe 
43. Lhetis? circularis Meek & Hayden.....-..-. EB ETD RA TS irl See ib allede ee 
a4, Tella scitula Meek & Hayden. ...-.-.0.2ceecceossccneenceemeccee-| X | X  |sncee-|eneene 
45. Tellina equilateralis Meek & Hayden .....--------+-----0-------2---] X | Xf [eens ee|eneeee 
PRIM ALEGIONTIEN OD. 2 URL. cee iene aac cet bs heen coeeu crassa cer Gacses|loeeees|locine os x 
SE TM RUTRIEAIEE WLC Oe nis ce hoch pistons aeepaee ocididas Seiad ae beeEpticslbesess lodeas | gata fee x 
(48. Tellina (Arcopagia) utahensis Meek .........+----+------- ellawatvil sn awa x 
149. Cyprimeria? subalata Meek..........c0-00--s-22222secncce RCC NES EL Seibe x 
PCUFUING NEMALODROTA MOCK .ocene sacsieanaendcideemanccabp 6 denelne cess |aceeen|po seins |aerinle « x 
51. Corbula dubiosa White. ........ ee SOOT OBC EERE EO SOLE CCID Saco) pase rel eerce aac x 
META LOILERIL NIGOIG 45 © seb pinctacsassteleaedebaugechnlansideuaseccesetecse == Seal (see A 
53. Mactra (Cymbophora) alta Meck & Hayden .....------------------- Bi) Nereis 
54. Mactra (Cymbophora) warrenana Meek & Haydend.....-..--------| x | xX | x |.--.-- 
SEP UELITET LS DETLMOUC PWV LAG) «tere sine ceminrdalaceiee duis ciebincls'saslawa’se-|bamele- me 


REPEC INU RETSEUL VV LUG onc an cea cweicmdwiclecn vials scien esis emieciena anim (scans = 
Deebenianum gracile Hall & Meek... 2scaccsseccecsccccecsenecceer- 

58. Cylichna scitula Meck & Hayden 
59. Acton woosteri White 


SELENE ATH COTIEN LG LOC Kiss. Seu nacla ries neeatecinciaas dalsjoe as 420 9~Gacen|Uerens 
63. LVhysa carletont Meek .--. Perens La 


weet www n eee 
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Pememeneeiiin (Melatclla) DEllaticlg MCG. - Li accel a cleccncecmaiscewceescaeecslectoss|roaccs|s 0c 
69. Neritina (Velatella) carditoides Meek 


eee ee eee ee 


10. Neritina (Velatella) patelliformis Meek.....-..-.--- -2-----02ee- snes] seeen-|eenene| ence 

71. Lunatia suberassa Meek & Hayden ....---.----+-2--2eee--eeeeeenee| X |X [ewewee|e-- =e. 
a2. Buspira coalvillensis White ....----.2ceccecseoreeces Be Rees aide aa ligc ene Leet x 
A GRE25 Gey HELLIS fee ao I a ES IE Se De eer ee eee eee x 


PA UICIUTE: FUSTLOTINGG MGIC... .cccess coecnc wemuccecwe= AE CeO PERE eC o e mnoeirlaqneael lsoociic 
76. Anchura americana Evans & Shumard......-.--..--------se0- 

77. Turritella coalvillensis Meek 
EPLUERUIC LUM ED IVOUCING MEG cus sacheccdasesies voosuwencssacee s sac ciae|-mececlorcce-|erecen 
79. Turritella (Aclis?) micronema Meek 


See ee eee eee ee 


| 80. Turbonilla (Chemnitzia?) coalvillensis Meek .....--------- eens noes |-nccee|ec eens |-eneee 


81. Bulimella? inconspicua Meek 
82. Dulimella? chrysallis Meek 
SEMEL TITAELIEL RP UUITECHIIY NU COIC, «cars dicta a 1 eo) ams sae doe, 6 n.5oscicte,w a Selpioeis |= namule| ee teacfeoesns 
84. Pseudobuccinum nebrascense Meck & Hayden......--.----.-------- 

85. Fasciolaria (Piestocheilus) culbertsoni Meek & Hayden........------ 

86. Valvata nana Meck............. 
RPOUne GNeEDTUNEO) PAU WLOIe) suvsckeddestacsas seve ceboecsedocsc|eccces|as ccee]ee-aes 
88. Fusus (Neptunea?) utahensis Meck 
89. Admetopsis rhomboidea Meek 


eee eee eee eee rr 


ee eee ee 


eee ee eee ee ee re 


80, Admetopsis gregaria Meek. .. 05 Jou. ccescccdecnncccseteccees Seon eda! B-tcco encocs 

SE ACINETU SIS SUUSUSUOTULS MCG sc a% scans secneed co qusiedupaniem asian ime als |ose'e ena eeme 
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94. Scaphites mandanensis Morton 
95. Placenticcras lenticulare Owen 
96. Placenticeras placenta Dekay 
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Table showing the geographical distribution of the cretaceous species collected, §¢e.—Cont’d. 


Bear River Valley. 


wae ewwe 


COLORADO GROUP. 


i) Ostrea congesta Conrad... ...-scccc-cccccces 
2. Inoceramus problematicus Schlotheim .... 
3. Inoceramus deformis Meek.........----+---=« 


Norr.—The species that, on account of the imperfection of the specimens, have not been satisfaciorily 


recognized, are not included in this list, as they are in the local lists. 
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The column representing the Upper Missouri River region is added 
for purposes of comparison, in recognition of the classification which has — 
been established by Hayden and Meek for the Cretaceous strata there, — 
as a Standard for all the Cretaceous strata of the Western Territories. 
The existence of the species there which are named in the list is given 
on the authority of those authors, as I have never yet visited that region 
in person. The column assigned to Eastern Colorado includes, for the 
present purpose, only that portion of it, east of the Rocky Mountains, 
which I visited during the season; and the same may be said of the 
column assigned to Northwestern Colorado. The column assigned to 
Coalville is intended to include the whole valley of Weber River in that 
neighborhood ; and the one assigned to Bear River Valley includes also 
the adjacent portion of the Valley of Sulphur Creek up to Hilliard 
Station. 

In the table of the Laramie fossils next following, one of the vertical 
lines separating the columns which represent localities or regions is 
made double, to indicate the fact that those upon one side of it are east, 
and those upon the other side of it west, of the Rocky Mountains. Such 
a modification might be made in this one, but it is hardly necessary, 
because few facts are more patent than that the elevation of the Rocky 
Mountains began long after the deposition of the latest strata repre- 
sented in the table. 

It will, of course, be understood that this table embraces only the col- 
lections made either by myself or others at the localities which I visited ' 
during the season of 1877. It not only does not represent the full geo- 
graphical distribution of those species, but it is probable that many 
other species will yet be found in some of the localities which have been 
thus visited. There is a notable paucity of the species of the Colorado 
Group represented in the table. This is in large part due to the fact 
that its strata in the region I traversed are less fossiliferous than those 
of the Fox Hills Group are; partly to the fact that, being softer, they 
are less freely exposed, and partly, that they came less in the way of my 
season’s investigations. 

The construction of the following table of the Laramie fossils which 
have been collected from the various regions visited by myself during 
the season of 1877 is similar to that of the preceding table of the Cre- 
taceous fossils. The species are not only thus tabulated for a synopti- 
cal view, but the table shows the present known extent of their geo- 
graphical distribution, and demonstrates the fact that all the principal 
brackish-water beds yet known in the Western Territories are members 
of one comprehensive group of strata representing a great period in the 
geological history of North America. The two columns representing the 
Judith River and Fort Union beds, respectively, are introduced for pur- 
poses of comparison, and to show their geological equivalency with the 
strata of the other localities. The species indicated in those two col- 
umns are given on the published authority of Hayden and Meek, as I 
have not yet visited the Upper Missouri River region in person. The two 
columns designated respectively as Eastern and Northwestern Colorado 
are of course intended to include only the species that have been col- 
lected at the localities which I have visited in person, and which have 
been discussed on preceding pages of this report. The column assigned 
to Bitter Creek includes the whole series of Laramie strata there: the 
differences in the fauna at different horizons of the series having already 
been shown are not repeated here. The column assigned to Bear River 
Valley ineludes the species of both brackish and fresh water beds that 
are found in the district extending from the mouth of Sulphur Creek to 
Seven miles northward from Hyanston, Wyo. 
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Zable showing the geographical distribution of the fossils of the Laramie Group, collected 
during the season of 1877. 
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Norn.—Asarule, those species which, on account of imperfection of the specimens, have not been sat- 
isfactorily recognized are not included in this list, as they were in the local lists. An? following aname, 
of course indicates a doubt as to its accuracy. Placed in one of the columns with an asterisk, indicates 

_ a doubt as to whether the species found at the locality indicated is really the one named in the list. 
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The double vertical line in the foregoing table may be taken to repre- 
sent the Rocky Mountains, or the oveat range that extends northward. 
through Colorado, Wyoming and Montana; the localities or districts — 
represented on its left being east, and those on its right west, of those 
mountains. An examination of the table will show that this mountain 
range has no paleontological significance as a geographical boundarys 
between those eastern and western localities of Laramie strata, because 
the species range across it almost as freely as they do across the space 
which separates any two or more of the others. Indeed, the great con- 
trast that is presented between the fauna of the brackish-water beds of 
the Laramie Group in Bear River Valley and that of the great body of 
the group elsewhere, as now known, is not marked by any now existing 
physical feature, and what the real cause of that contrast was, yet re- 
mains to be discovered. It is evident that the present hypsometric¢ con- 
dition of the North American continent has no direct relation to the 
distribution of species in the strata of the Laramie Group, or in any of 
the Cretaceous groups. 

It is a fact worthy of especial notice that not a single species of all 
those that have been found in the brackish-water beds of Bear River 
Valley, with perhaps the exception of a Physa, is identical with any that 
have yet been found in any other Laramie strata; those indicated in the 
table as thus identified having been obtained from the upper Laramie 
beds at the Evanston coal-mines, which are of fresh-water origin. An- 
other significant fact is that those species which are thus identified are 
pulmonate mollusks; the species which differ most widely from other 
Laramie forms being branchiferous mollusks. The natural inference 
from this fact is that the modifying conditions which then existed in this 
part of the continent produced their effect upon that portion of the in- 
vertebrate fauna which inhabited the principal waters, leaving the land 
and palustral fauna comparatively unchanged. 

Taking a general view of the species as “represented in the foregoing 
table it will be seen that the palustral pulmonates occur in all the dis- 
tricts indicated, and that land-shells also are not uncommon. These 
facts, together with the identity of species and types of those mollusks 
in the various districts, indicate great uniformity throughout the 
whole Laramie period of such physical conditions as would affect 
those mollusks. In considering the distribution of the other types 
represented in the table, namely, those of the ‘branchiferous mollusks, 
for reasons already eiven, those of the brackish-water beds of Bear 
River Valley must be, at least in part, excluded. We find, however, 
that the Unionidae, Ceriphastide, and. Viviparide, among fresh-water 
types, and the Ostreide, Anomiider, Cyrende, and Corbulide, among 
brackish-water types, are common to all the districts represented, the 
Cyrenide being especially numerous in species in Hastern Colorado. Be- 
sides these, there are other types belonging to both categories which, so 
far as is now known, are less widely distributed, put those families just 
mentioned are sufficient to serve as a basis for some general remarks 
which are to follow. So far as may be seen from the foregoing table, or 
from any similar tabular exhibition of species, they may have occurred 
promiscuously associated in the same layers at any and all of the locali- 
ties indicated. On the contrary, certain of these types are, as a rule, 
confined locally to certain layers, which respectively represent ‘the ground 
of their former habitats; but there is not unfrequently found such an 
admixture of types in one and the same layer as to show plainly that 
some of them must have been drifted to the ce of their present en- 
tombment and association. 
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_ Itis easy to understand how the light shells of land and palustral 

_ gasteropods might, after having been emptied of their decomposed 
bodies, have been drifted to almost any distance unharmed, and finally 

_ have found entombment with the shells of mollusks that lived and died 
in the very sediments that now inclose them all. But there are cases of 
equally heterogeneous association which cannot be accounted for in that 
way. ‘These cases consist of the presence in the same layers of the 
shells of branchiferous mollusks, both conchifers and gasteropods, be- 
longing to types that arerespectively recognized as of brackish and fresh 
water habitat. It is well known that the shells of fresh-water mollusks 
are often carried down by the current of rivers and deposited in the 
sediments of the brackish waters of estuaries along with those of such 

_ mollusks as, find a congenial habitat there. Where such is the case the 
drifted shells suffer attrition, the effects of which are readily recog- 
nized; the opercula of gasteropods are separated from the shells, and 
the valves of conchifers are separated from each other. Besides this 

_ the sedimentary accumulations of an estuary contain inherent evidence 
of their character as such aside from that which is afforded by the types 
of its mollusca; such as accumulation of river silt with its current-worn 
fresh-water shells, and the peculiar stratification produced by floods and 
changing currents. Although it has been not uncommon for geologists 
to speak of the different brackish-water strata of the Laramie Group as 
“estuary beds,” or to refer to them as of estuary origin, I do not know 
of a single deposit or part of one in any district, or in any of the divis- 
ions of the great Laramie Group, to which the foregoing test of its estu- 
ary origin can be applied. 

‘Although rivers of greater or less magnitude must necessarily have 
flowed into the Laramie sea, in no part of the group at any of the numerous 
localities where I have studied it have I found the character or condi- 
tion of its strata in any way indicating that they were either influenced 
or modified by fluvatile influx. On the contr ary, its sandstones, and 
most of its other lithological features, are everywhere of the same 
general character as those of the Fox Hills Group of Cretaceous strata, 
which are plainly of marine origin. But notwithstanding this evident 
uniformity of deposition, a large proportion of the fossiliferous Laramie 
strata contain a commingling of brackish and fresh-water forms, the con- 
dition and association of which show that those of neither category could 
have been drifted to their present position from a different habitat. For 
example, in the brackish-water beds of Bear River Valley great num- 
bers of the shells of Corbicula, Corbula, and Unio (two species of the 
latter genus) are found associated together in the same layers, the major- 
ity of the examples of all of which have both their valves together in 
their natural position. Besides this, none of the numerous associated 
shells of gasteropods show any evidence of attrition such as they would 
have received if they had been drifted. These facts indicate that all 
the mollusks referred to lived contemporaneously in the same waters, 
and that the sediment upon which they lived is the same as that which 
now incloses them. It is a well-known fact that some species of Corbi- 
cula and Neritina may live in waters that are nearly or quite fresh, but 
the presence among those shells of the Bear River strata of Co orbula, 
Membranipora, and a few scattered oyster-shells seems to make it certain 
that the waters containing all of them were, at least in some degree, sa- 
line. Italso seems certain that there was some alternation of the degree 
of saltness of those waters, because there has been found at least one 
thin layer there which is composed almost wholly of a small Ostrea, with 
no other associated shells. _ 

Again, at Black Buttes Station there is also evidence of alternation of 
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saltness in the waters. In one layer Unio and Corbicula in abundance, 
the former represented by half a dozen species, are associated together, 
a very large proportion of all of them having their valves together in. 
natural position, showing that none of them had been drifted; and with 
these, in the same layer, are associated Neritina and Melania, which also 
show no evidence of having been drifted. At the same locality there are 
certain layers, alternating with other fossiliferous layers, which contain 
Ostrea and Anomia alone, and which probably represent the maximum 
saltness of the waters that prevailed there. There are also other alter- 
nating layers, which contain fresh-water types alone, which probably 
represent the minimum saltness, or perhaps entire freshness of the water 
that prevailed at that particular place at certain times, and the layers 
containing a mixture of types probably represent intermediate grades 
of saltness of those waters. Itis remarkable that, with all this varia- 
tion of their fossil contents, none of the strata present any evidence of 
littoral or estuary deposition. 

While it seems evident that at different times in certain places these 
Laramie waters alternated from a decidedly salt to a nearly or wholly 
fresh condition, it seems equally evident that certain species belonging 
to different types, the representatives of which are now found only in 
fresh waters, were then capable of living and thriving in waters that 
contained a considerable degree of saltness. The species referred to 
belong to the Unionide, Cariphasiide, and Melaniide, the fact of the asso- 
ciation of certain species belonging to the first and second of these fam- 
ilies with brackish-water forms at Bear River Valley having been 
already stated; and on previous pages the association of Melania wyo- 
mingensis and M. insculpta with Ostrea and Anomia has already been 
noted. 

It is a remarkable fact that the species belonging to the three families 
named, which are found with the brackish-water associates, almost with- 
out exception present a greater degree of differentiation than those do 
which are found in later but purely fresh-water deposits; and also in 
some cases greater than that which is shown by recent congeneric forms. 
This fact led me in a former publication* to suggest that the peculiar 
differentiation that has been attained by our North American Unionide 
began under the influence of a certain degree of saltness of the waters 
in which they lived. 

There are many well-known instances of living species of mollusks, 
belonging to families that are regarded as of distinctively marine habitat, 
which are found far up from the mouths of certain rivers, inhabiting 
waters that are wholly and always fresh, to which habitats they seem 
to have made their way against opposing and, at first, uncongenial con- 
ditions. On the other hand it is not to be denied that instances of living 
mollusks of fresh-water types encroaching upon marine waters are rare; t 


*See Bull. U. S. Geol. and Geog. Sur. Terr., vol. iii, p. 623 et seq. 

+The Baltic, Black, and other tideless seas appear to atford the majority of the known 
instances of the commingling of living fresh-water with brackish or marine forms, 
and these oceur in estuaries whither the fresh-water forms had been carried from their 
fluviatile habitats by floods or the ever-present pressure of the river-flow. Fresh-water 
mollusks in saline waters are not, however, always there by compulsion, because upon 
the shores of Great Salt Lake, as noted by Mr. Gilbert and myself, a species of Physa 
and one of Limnea, both of which are common in the fresh waters of that region, have 
been fonnd inhabiting pools of water that was found to be much toosalt to drink; and 
at the Hot Sulphur Springs in Middle Park, Colorado, I found the same species in 
water strongly charged with sulphur. In both these cases, however, the adult size of 
the individuals was considerably less than that of those found in fresh waters. The 
presence of tides, even in waters that are always fresh, seems to be quite uncongenial 
to most if not all species of fresh-water mollusks, and it is probably this condition 
that aids in preventing the commingling of fresh and brackish water forms. 
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and in all such cases their changed habitat seems to have been, at least 
- in some degree, forced upon them by environing conditions; and the 
- individual condition of those mollusks, when compared with that of the 
same species in fresh waters, shows evidence of the uncongeniality of 
their changed habitat. It seems impossible, however, to account for the 
commingling of types which we find in the Laramie strata in any way 
except by assuming that they lived together in the same waters; and 
their individual condition in all cases suggests that they all thrived 
equally. Furthermore, it seems to be unquestionable that the waters in 
which the greater part of this commingling of types took place possessed 
a considerable degree of saltness, and that the great Laramie sea was 
essentially one of brackish waters. 

While very much remains to be known concerning the geological struct- 
ure of the North American continent, the great array of facts that have 
been already accumulated enables us to draw from them many legitimate 
conclusions concerning the former physical conditions of certain portions 
of it, and to begin with some confidence to arrange them as materials 
toward its physical history. The following remarks upon this subject 
are presented as supplementary to the foregoing report, but they are 
based largely upon facts that have been previously accumulated and 
published by various authors. They relate almost wholly to the Mesozoic 
and Cenozoic Groups, and to the corresponding epochs in the geological 
history of the continent. They are necessarily general in their character, 
and are intended to apply especially to that portion of the national do- 
main which may in a general way be designated as lying north of north 
latitude 37° and between west longitude 95° and 1189. 

East of longitude 95°, North America is mainly occupied by Paleozoic 
and Archean rocks, as is also a large area which extends northward and 
southward through Western North America; the eastern border of the 
latter area being adjacent to the region here discussed, and not far from 
the one hundred and thirteenth meridian of west longitude. These two 
great areas are taken to represent approximately the outline and extent 
of the principal portions of the present North American continent that 
were above the level of the sea at the close of paleozoic time. ,A broad 
expanse of Mesozoic sea then stretched between these two continental 
factors, which were finally united by a general continental elevation and 
the consequent recedence of the sea. This elevation was not, prop- 
erly speaking, catastrophal, but gradual and oscillatory. That inter- 
continental Mesozoic sea was narrower during the Jura-Trias period than 
it was afterward, but it was always shallow as is shown by the lithologi- 
cal character of the strata of all the Mesozoic formations; and as these ag- 
gregate a great thickness there was, of course, for a long time, and over 
a very large part of the space which it occupied, a gradual subsidence 
of the bottom which allowed the successive deposition of shallow-water 
formations. The following facts prove the occurrence of oscillations of 
land surface and sea-bottom by which from time to time the eastern 
border of the Mesozoic sea was shifted and the whole finally displaced. 

In Western Iowa, Eastern Nebraska, and Eastern Kansas the Creta- 
ceous strata are known to rest directly upon Carboniferous strata, the 
Jura-Trias being absent. These last-named strata, however, are in full 
force where the Mesozoic rocks are turned up against the eastern flanks 
of the Rocky Mountains and Black Hills, as well as farther westward.. 
Their eastern border is certainly somewhere in the great plains beneath 
later Mesozoic strata and the prevailing surface débris, but its location 
is not even approximately known. Cretaceous strata, continuous with 
those of the West, are known to have been deposited asfar eastward as 
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within fifty or sixty miles of the Mississippi River in Northern Iowa and 
Southern Minnesota, southward from which region their eastern border 
gradually recedes to the westward nearly as faras Central Kansas. In 
the northeastern region just named it is the attenuated strata of the 
Fort Benton and Niobrara Groups that are found, and these rest directly 
upon the Paleozoic rocks, the Dakota Group being absent there. In 
Western lowa and Eastern Nebraska the strata of the Dakota Group 
are found to rest upon the Paleozoic rocks, the former extending far- 
ther eastward then than any other Cretaceous strata; but the eastern 
border of the Fort Benton and Niobrara Groups are there not very far 
to the westward. The eastern border of the Fort Pierre and Fox Hills 
Groups or the later Cretaceous is still farther westward, but its position 
is hidden by the later formations and the prevailing débris of the plains. 

From the foregoing facts the following inferences may be legitimately 
drawn. During the period represented by those Western rocks which 
have received the designation of Jura-Trias (and apparently during a 
portion of the Permian period also), the western shore-line of the eastern 
or principal continental factor extended so far westward that the 
eastern border of the deposits of the period referred to reached no far- 
ther eastward than along some line now far out on the great plains but 
the location of which is not known. It is now covered from possible 
discovery by superimposed Mesozoic strata and the prevailing surface 
débris. At the close of the Jurassic period a subsidence took place which 
carried the deposits of the Dakota Group nearly as far eastward as Cen- 
tral Iowa. Still later, continued subsidence, but of more limited extent, 
to the southeastward caused the deposition of Fort Benton and Niobrara 
strata still farther eastward, in Northern Iowa and Southern Minnesota. 
At or before the close of the Niobrara epoch, the elevation of the west- 
ern portion of the eastern or principal continental factor was resumed, 
and apparently continued without further interruption by any other sub- 
sidence sufficient to carry any of the recovered or added land surface 
again beneath the level of the sea; although portions of the area which 
the inter-continental Mesozoic sea had covered were afterward occupied 
by great bodies of brackish and fresh waters. The eastern border of the 
later Cretaceous deposits was thus carried westward where its place is 
now covered like that of the earlier border of the Jura-Trias deposits, 
but not so deeply. 

The eastern border of the Laramie Group is hidden in the same man- 
ner, but there is yet no evidence that it is anywhere overlapped by any 
subsequent marine deposit, although it is known to have received upon it 
in several places different groups of fresh-water strata. Perhaps no fact 
in the physical history of North America is better established than that 
the elevation of the Rocky Mountains, as such, is of later date than that 
of the Laramie Group, but the for egoing facts show that both oscillatory 
movements and eencral continental elev ation took place before the be- 
ginning of those movements which resulted in the elevation of those 
mountains. Besides the oscillations of surface which have already been 
mentioned, there are indications that other similar movements occurred 
elsewhere within the same limits of time; such, for example, as the un- 
conformity of the Laramie strata upon those of the Fox Hills Group in 
Middle Park, reported by Mr. Marvine; the unconformity in some places 
of the Jura-Trias upon rocks older than the Carboniferous, &e. 

But leaving now the subject of the elevation and subsidence of land 
surface to be : resumed further on, the prevailing physical conditions of 
what is now Western North America may now be considered. No fresh- 
water deposits of any kind have yet been discovered in any of the Paleo- 
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zoie rocks of North America, unless the coal of the Carboniferous age 
may be regarded as such; but even in that case the elevation of the land 
upon which it was formed could have been only barely above the sea- 
level, because the conformity of the coal-beds with the strata above and 
below them is never broken, and the latter strata contain marine fossils. 
Therefore, for our present purpose, all the Paleozoic strata may be re- 
garded as of marine origin. Asarule, also, all the Mesozoic strata, from 
the Jura-Trias to the Fox Hills Group inclusive, are, by the character of 
their fossils, known to be of marine origin, although at a few localities 
in some of the strata of each period fresh-water mollusca have been dis- 
covered. These exceptions, no doubt, indicate the proximity of then ex- 
isting shores rather than the prevalence of any such bodies of either 
brackish or fresh water as afterward covered wide areas in the same 
region. ; 

Resting directly upon the strata of the Fox Hills Group are those of 
the Laramie Group, the latter, as already shown, having been at least in 
part deposited continuously with the former. The geographical bounda- 
ries of the great Laramie formation are not known, but its area embraces 
many thousand square miles, for it is known to extend from Southern 
Colorado and Utah northward beyond the northern boundary of the 
United States; and from the Wasatch Mountains, eastward far out on 
to the great plains. It reaches amaximum thickness of about 4,000 feet, 
and its general lithological characteristics are similar to those of the 
Fox Hills Group, a known marine formation. Its fauna, however, has 
been shown to be largely of brackish and partly of fresh water origin, 
and not marine. Furthermore, the brackish-water species are distrib- 
uted throughout its entire thickness and its whole geographical extent. 
These facts, together with the absence from all the strata yet examined 
of any true estuary characters, show that the Laramie Group was depos- 
ited in a great brackish-water sea. This being the case, it must have 
received its peculiar character, as well as its boundaries, by having been 
separated from the great open sea by an encircling elevation of land; 
the continuity of shore-line having been completed by elevations con- 
necting the two great continental factors at the northern and southern 
portions of the inter-continental Mesozoic sea. Whether the brackish salt- 
ness of the Laramie sea was sustained throughout the period by limited 
communication of its waters with thoseof the great open sea, or whether 
such communication was entirely cut off, and the supply of salt above 
that which was originally retained of its marine saltness came by adja- 
cent continental drainage in amount sufficient to balance the waste by 
overflow, can probably never be known, but the latter seems probable.* 
If the former condition existed, one of the places of communication was 
no doubt at the southeastern border of the Laramie sea, and some for- 
tunate exposure of strata in the region between Western Kansas and 
the Gulf of Mexico may yet reveal the true relations of the Laramie 
Group with the Cretaceous and Eocene deposits of the Gulf border. If 
tide-level communication between the Laramie sea and the great open 
sea was entirely cut off, as there is much reason to believe it was, the 
question of such relationship or contemporaneousness of deposition must 
ever remain an open one. 

It is evident that the movements which caused the inclosure of the 


* The frequent presence of fresh-water forms in the strata of this group, from its base 
to top, such as Unio, Melania, Viviparus, Campcloma, Goniobasis, &c., are suggestive of 
the non-existence of tides in its waters, such as would have existed if they had com- 
municated freely with the open sea, for the living representatives of these mollusks do 
not find a congenial habitat in tide-water, even if it be fresh. 
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Laramie sea did not materially interrupt the continuity of sedimentation 
within at least a very large part of its area, although the effects of 
those physical changes were such as to cause a total change in at least — 
the molluscan fauna. The wide geographical distribution and great ver- 
tical range of many of the mollusean species of the Laramie Group, and 
the great uniformity of its lithological characters, show that the period 
was one of comparative quiet within the region which was occupied by 
its waters. There were, however, some comparatively slight oscillations 
of surface or sea-bottom which caused local unconformity of strata, but 
' these cases are so limited in extent, so far as they are known, that at no 
great distance away from each the strata, which evidently correspond 
with the displaced ones, show no evidence of disturbance. An example 
of such an oscillation is illustrated by the unconformity among Laramie 
strata in Bitter Creek Valley, which has already been discussed. 

While there is evidence that this general quiet was preserved, not 
only through the Laramie period, but that it was continued into the 
Tertiary epochs which immediately followed, it is true that at or near 
the close of the Laramie period in the region which now embraces a part 
of Bear River Valley, and there covered in part by the western border 
of the Laramie sea, there was an extensive displacement of the Laramie 
and older strata, which brought the subsequently-formed Tertiary de- 
posits unconformably upon them. These facts have been briefly dis- 
cussed on preceding pages, but that region, with its important geolog- 
ical and paleontological features, I have yet only slightly investigated. 
It has been shown on preceding pages that notwithstanding these and 
doubtless other disturbances which oceurred elsewhere at several local- 
ities, in the great Green River Basin and in the valleys of White and 
Yampa Rivers the strata show satisfactory evidence that there was con- 
tinuous sedimentation from the close of the Laramie period to the begin- 
ning of, and during the Wasatch epoch. Besides this, the continuity of 
sedimentation from the epoch of the Wasatch to that of the Bridger Group 
inclusive is a fact that, so far as Iam aware, is disputed by no one. Ad- 
mitting these facts, together with the conclusions that have been drawn 
on preceding pages, we have in these Western strata an unbroken geo- 
logical record, extending, at least, from earlier Mesozoic far into Tertiary 
time; the apparent paleontological breaks in that record being really 
only faunal displacements, which were caused by radical changes of en- 
vironment, notably the removal or variation of the saltness of the waters 
that were consequent upon the different physical changes which took 
place in the progress of the evolution of the continent. 

The already accumulated geological facts show that the general con- 
tinental elevation was continued after the Laramie period much in the 
same manner that it progressed up to that time (for the Rocky Mount- 
ains were not yet elevated), still inclosing large bodies of water, but which 
were no longer salt. The elevation of the Laramie sea was doubtless, at 
most, only slightly above that of the great open sea, but the elevation 
of its former bed was no doubt considerably increased during its sue- 
cessive occupancy in part by the Wasatch, Green River, and Bridger 
lakes. There must, however, have been a gradual subsidence of the 
bottom of each of these great bodies of fresh water, which permitted the 
accumulation of the immense thickness of their strata which now re- 
main, besides that which has been removed by erosion. Free drainage 
of overflow into the open sea must also have been maintained during 
these later epochs, which kept their waters fresh, but which evidently 
did not exist during the Laramie period; but it is not my purpose to dis- 
cuss these questions in thisreport. Itis proper, however, to present very 


WHITE. ] GENERAL DISCUSSION. 263 


briefly some of the facts that bear upon the physical conditions which 
prevailed during the Laramie period within the region that was occupied 
by its waters. 

After the facts presented and the remarks made upon preceding pages 
of this report it is almost superfluous to say that the great Laramie Group 
is regarded as having been deposited in a brackish-water sea, which, for 
extent and character, has no existing parallel. There are, however, cer- 
tain characteristics of fossil fauna and strata that indicate some very 
peculiar conditions of that sea then existing which deserve much inves- 
tigation, but which, for obvious reasons, can receive only brief consider- 
ation here. Tirst, it is evident that at all times its waters had compara- 
tively little depth, and that in many places it was repeatedly very shallow; 
and, furthermore, that the great thickness of the group, amounting to a 
maximum of 4,000 feet, was accumulated by a gradual subsidence of the 
bottom. As a rule, its molluscan fauna was composed of brackish-water 
types, but often, and in many places, the waters were so far freshened as 
to give congenial habitat to fresh-water forms. Judging from the char- 
acteristics of existing land-locked seas, it is difficult to understand clearly 
how fresh and brackish waters could have existed in one and the same 
sea in the absence of or at a distance from the mouths of tributary rivers. 
But the character of the deposits of the Laramie sea, as well as its mol- 
Iuscan fauna, warrants the suggestion that very large portions of its area 
- were at different times and in different places in the condition of marshes, 
which were only slightly raised above the general water level, upon which 
fresh waters from rains accumulated and gave congenial habitat to such 
members of the molluscan fauna of the period as would preferably avoid 
the brackish waters. This view is supported by the occasional presence 
of land-shells among those of branchiferous mollusks, the more common 
occurrence of palustral shells, the occurrence of deciduous leaves and 
other fragments of vegetation, all in the same or associated strata; and 
also the presence of numerous beds of lignite throughout the group. It 
is also supported by the fact that the fossil mollusea are found not uni- 
formly distributed throughout the group either vertically or geograph- 
ically, but to occupy very small, distantly-separated areas, which are not 
only locally restricted, but within which areas the vertical range of the 
ditterent species is limited. Admitting that such conditions prevailed, 
it is easy to understand how it may have happened that certain layers, 
containing the remains of mollusea, which could have flourished only in 
salt or brackish waters, are found to alternate in close succession with 
those containing fresh-water species. The conditions thus indicated 
would also have brought the brackish and fresh water habitats of those 
mollusca into such juxtaposition that they must have frequently en- 
croached upon each other. This frequent encroachment, or mingling of 
habitats, and no doubt the frequent impracticability of retreat, would 
have had a tendency to inure at least a portion of the mollusks of each 
to an existence in the other. It is evident that many of the species were 
capable of such interchange of habitat without disadvantage; and that 
some of the species whose living representatives are regarded as strictly 
fresh-water forms may have then lived in part in brackish waters, such 
as Melania, Unio, &c., has already been suggested. 

In the foregoing report I have purposely avoided an expression of 
opinion as to the true geological age of the Laramie Group, because, not- 
withstanding the positive opinions that have been expressed by others 
upon that subject, I regard it as still an open question. All paleontolo- 
gists agree that the Cretaceous period extended at least to the close of 
the Fox Hills epoch, and that the Tertiary period began at least as early 
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as the beginning of the Wasatch epoch; and the question is whether the 
Cretaceous period closed with the close of the Fox Hills epoch or with 


that ofthe Laramie period. The question might be extended so as to 


embrace the inquiry whether the true chronological division between 
Cretaceous and Tertiary did not really occur within the Laramie period ; 
but this, while not unreasonable, would perhaps be inconvenient and un- 
profitable. .The claim that Cretaceous types of vertebrates are found in 
even the higher strata of the Laramie Group is freely conceded, and I have 
no occasion to question the reference that has been made of its fossil plants, 
even those of the lowest strata, to Tertiary types. The invertebrate fos- 
sils of the group itself, as I have elsewhere shown, are silent upon this 
subject, because the types are either unique, are known to exist in both 
Mesozoic and Tertiary strata, or pertain to living as well as fossil forms. 
Every species found in the Laramie Group is no doubt extinct, but the 
types have collectively an aspect so modern that one almost instinctively 
regards them as Tertiary ; and yet some of these types are now known to 
have existed in the Cretaceous and even in the Jurassic period. _. 

In view of the conflicting and silent character respectively of these pa- 
leontological oracles the following suggestions are offered: It is a well- 
known fact that we have in North America no strata which are, accord-. 
ing to European standards, equivalent with the Lower Cretaceous of 
Europe, but that all North American strata of the Cretaceous period are 
equivalent with those of the Upper Cretaceous of that part of the world. 
That the Fox Hills Group is of Upper Cretaceous age no one disputes, 
the only question being as to its place in the series. A comparison of its 
fossil invertebrate types with those of the European Cretaceous indicates 
that it is at least as late as, if not later than, the latest known Cretaceous 
strata in Europe. If, therefore, that parallelism is correctly drawn, and 
the Laramie Group is of Cretaceous age, we have represented in America 
a great and important period of that age which is yet unknown in any 
other part of the world. Besides this, we may reasonably conclude that 
the Fox Hills Group of the west is equivalent with the Upper Creta- 
ceous strata of the Atlantic and Gulf coasts, between which and the 
Eocene Tertiary of those regions there is no known equivalent of the 
Laramie Group. 

If paleontologists should finally agree upon regarding the Laramie 
Group as of Cretaceous age, it must be because of the continuance of 

-certain vertebrate Cretaceous types to the close of that period, and the 
presence of mammalian Tertiary types in the strata immediately follow- 


ing; but the following facts, in addition to those which have been already | 


stated, should be carefully considered before any such agreement is made. 

With rare and obscure exceptions no mammalian remains are known 
in North American strata of earlier date than that of those which were 
deposited immediately after the close of the Laramie period and upon its 
strata. Immediately from and after the close of the Laramie period 
their abundant remains in the fresh-water Tertiaries of the West show 
that highly organized mammals existed in great variety and abundance; 


all of which may be properly regarded as constituents of a Tertiary fauna, . 


and many of which are, by accepted standards, of distinctively Tertiary 
types. If the presence of these forms in the strata referred to, and their 
absence from the Laramie strata immediately beneath them, together 
with the presence of Dinosaurians there, be held to prove the Tertiary 
age of the former strata, then was the Tertiary period ushered in with 
most unnatural suddenness. Sedimentation was, at least in part, un- 
broken between the Laramie Group and the strata which contain the 
mammalian remains referred to, so that the local conditions of the ori- 
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gin of all of them were substantially the same, and yet, so far as any 
accumulated evidence shows, those mammalia were not preceded in the 
Laramie period by any related forms. Such suddenness of introduction 
makes it almost certain that it was caused by the removal of some phys- 
ical barrier, so that ground which was before potentially Tertiary be- 
came so by actual faunal occupancy. In other words, it seems certain 
that those Tertiary mammalian types were evolved in some other region 
before the close of the Laramie period, where they existed contemporane- 
ously with at least the later Laramie Dinosaurians of Cretaceous types, 
and that the barrier which separated the faunw was removed by some 
one of the various movements connected with the evolution of the con- 
tinent. The climate and other physical conditions which were essential 
to the existence of the Dinosaurians of the Laramie period having evi- 
dently been continued into the Tertiary epochs that are represented by 
the Wasatch, Green River, and Bridger Groups, they might doubtless 
have continued their existence through those epochs as well as through 
the Laramie period, but for the irruption of the mammalian horde, to 
which they probably soon succumbed in an unequal struggle for exist- 
ence. 


' CATALOGUES OF FOSSILS. 


The following lists of fossils are those of collections which have from . 
time to time been sent to the office of the survey from different places in 
the western part of the national domain by persons who are not, or 
were not then, officially connected with the survey. They are introduced 
here partly to show the association of the species, a part of which were 
originally described in publications of the survey, and partly to show 
the geographical distribution of species and types, especially those of 
Cretaceous age, in the strata of North America. 


LIST OF CRETACEOUS FOSSILS SENT BY MR. ARTHUR LAKES FROM 
BEAR CREEK VALLEY, NEAR MORRISON, COLORADO. 


Fox Hills Group. 


. Pteria linguiformis Evans & Shumard; 750 feet below the coal.* 

. Pteria (Pseudoptera) fibrosa Meek & Hayden; 750 feet below the coal. 

. Inoceramus oblongus Meek; 750 feet below the coal. 

. Cardium speciosum Meek & Hayden; 200 feet below the coal. 

. Tellina scitula Meek & Hayden; 200 feet below the coal. 

. Mactra holmesi Meek, sp.; 750 feet below the coal. This is the species 
which was originally described as Cyrena? and supposed to have 
belonged in Laramie strata. 

7. Pachymya herseyi White; 200 feet below the coal. 

8. Dentalium gracile Hall & Meek; 200 feet below the coal. 
9. Lunatia occidentalis Meck & Hayden; 750 feet below the coal. 

10. Baculites ovatus Say; 750 feet below the coal. 

11. Scaphites nodosus Owen; 750 feet below the coal. 

12. Scaphites mandanensis Morton?; 750 feet below the coal. This is 
recognized as belonging to the same species as the fragment which 
was found associated with Mactra holmesi at the original locality 
on Ralston Creek. (See remarks under No. 6 of this list.) 

13. Placenticeras placenta Dekay (var.); 750 feet below the coal. 


*The coal referred to is within and near the base of the Laramie Group, but all the 
fossils of the list are found in unmistakable Cretaceous strata. 
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Colorado Group. 
14. Ostrea congesta Conrad. From limestone layers near the top of the — 


group. 

15. Inoceramus deformis Meek. From limestone layers near the top of 
the group. 

16. Inoceramus problematicus Schlot. From limestone layers near the 
top of the group. 


LIST OF FOSSILS SENT BY MR L. C. WOOSTER FROM THE VICINITY OF 
GREELEY, COLORADO. 


Fox Hills Group. 


. Tellina scitula Meek & Hayden. Valley of the Cache 4 la Poudre. 

. Mactra (Ch ymbophora) warrenana Meek & Hayden. Valley of the 
Cache a la Poudre. 

. Dentalium gracile Hall & Meek. Valley of the Cache 4 la Poudre. 

. Acton woosteri White. Valley of the Cache 4 la Poudre. 

. Lunatia moreauensis Meek & Hayden? Valley of the Cache a la 
Poudre. 

. Fasciolaria (Piestocheilus) culbertsoni Meek & Hayden. Valley of 
the Cache a la Poudre. 


1, Pteria (Ox ytoma) nebrascana Evans & Shumard. Valley of the 
Cache a la Poudre. 

2. Pachymya? herseyi White. Mouth of the St. Vrains. Itis described 
and figured in another part of this volume. 

3. Nucula planimarginata Meek & Hayden. Valley of the Cache ala 
Poudre. 

4. Tancredia americana Meek & Hayden. Valley of the Cache a la 
Poudre. 

5. Cardinum speciosum Meek & Hayden. Valley of the Cache a la 
Poudre. 
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_ Laramie Group. 


12. Corbula dbnactad Meek & Hayden. Valley of Crow Creek. 
13. Corbicula (Leptesthes) fracta Meek. Valley of Crow Creek. 


LIST OF CRETACEOUS FOSSILS SENT BY MR. J. C. HERSEY FROM COL- 
ORADO. 


Fox Hills Group. 


. Pteria (Oxytoma) nebrascana Evans & Shumard. Valley of the Cache 
a la Poudre. 

. Inoceramus barabini Morton. Monument Creek. 

. Pachymyaherseyi White. Valley of the Cache la Poudre. Described 
and figured in another part of this volume. 

. Nucula cancellata Meek & Hayden. Valley of the Cache a la Poudre. 

. Veniella humilis Meek & Hayden. Valley of the Cache 4 la Poudre. 

. Tancredia americana Meek & Hayden. Valley of the Cache a la 
Poudre. 

. Tancredia? celionotus White. Valley of the Cache ala Poudre. It 
is described and figured in another part of this volume. 
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13. 


14. 
15. 


. Cardium speciosum Meek & Hayden. Valley of the Cache a la 


Poudre. 


. Tellina seitula Meek & Hayden. Valley of the Cache a la Poudre. 
. Mactra (Cymbophora) warrenana Meek & Hayden. Valley of the 


Cache a la Poudre. 


. Dentalium gracile Meek & Hayden. Valley of the Cache ala Poudre. 
. Innatia moreauensis Meek & Hayden. Valley of the Cache 4 la 


Poudre. 
Colorado Group. 


Gryphea pitcheri Morton? Valley of the Cache a la Poudre above 
Fort Collins. This seems to belong to this species, but it is, so 
far as I am aware, the most northerly point at which an example 
of it has been discovered. — 

Inoceramus problematicus Schlotheim. Spring Cafion, sixteen miles 
west of Greeley, Colo. 

Inoceramus deformis Meek. Spring Caiion, sixteen miles west of 
Greeley, Colo. 


LIST OF CRETACEOUS FOSSILS SENT BY CAPT. E. L. BERTHOND, FROM 


goto 


5. 
6. Inoceramus deformis Meek. Bear Creek Valley, near Morrison, Colo. 


COLORADO. 
Fox Hills Group. 


Inoceramus oblongus Meek. . Fossil Creek, 16 miles west of Greeley, 
Colo. 

Nucula plaminarginata Meek & Hayden. Near Golden, Colo. 

Nucula cancellata Meek & Hayden. Near Golden, Colo. 


. Baculites ovatus Say. Fossil Creek, 16 miles west of Greeley, Colo. 


Colorado Group. 


Ostrea congesta Conrad. Bear Creek Valley, near Morrison, Colo. 


LIST OF CRETACEOUS FOSSILS SENT BY PROF. O. H. ST. JOHN, FROM 
NEAR CIMARRON, NEW MEXICO, FROM STRATA REFERRED TO THE 
FOX HILLS GROUP. 

i; 
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OMA OP OO 


. Ostrea 
. Anomia 
. Camptonectes 


Caryophyllia johannis White. Described and figured in another part 
of this volume. 

Ostrea congesta Conrad? This is a small oyster attached to some 
fragments of an Jnoceramus resembling those of I. deformis or I. 
erectus Meek. It may not belong to this species, but like the one 
found attached to J. erectus in Fox Hills strata, at Coalville, Utan, 
it is difficult to say how it differs. 

An undetermined species.: 

An undetermined species. 
An undetermined species. 


. Pteria linguiformis Evans & Shumard. 

. Inoceramus barabini Morton. 

. Inoceramus vanuxemi Meek & Hayden. 

. Inoceramus erectus Meek? Mere fragments, with Ostrea congesta? 


attached. (See remarks under No. 2. 
Crassatella (Pachytherus) cimarronensis White, It is described and 
figured in another part of this volume. 
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Th. 
12. 
13. 
14. 
15. 
16. 
i. 
18. 
19. 
20. 
2 
22. 
post) 
24. 
Be 
26. 
24. 
28. 


Trapizium. Undetermined species. 

Idonearca shumardi Meek & Hayden? Examples all very small. 
Callista pellucida Meek & Hayden. 

Teredo ? Separated tubes only. 

Anisomyon alveolus Meek & Hayden. 

Margarita . Undetermined species. Perhaps new. . 
Lunatia . Undetermined species. 

Turritella Undetermined species. 

Aporrhais biangulata Meek & Hayden. 

Spironema Undetermined species. . Perhaps new. 
Pyramidella Undetermined species. 

Turbonilla (Chemnitzia ?) Undetermined species. 
Fasciolaria (Piestocheilus) Undetermined species. 
Bacultes ovatus Say. 

Scaphites nodosus Owen ? 

Placeniticeras placenta Dekay. 

Serpula Undetermined species. 

Undetermined Crustacean. Probably a Brachyuran. 


The specimens of this collection have had their specific and other 


tion. 


characters much obscured by compression, and by calcareous encrusta- 


LIST OF CRETACEOUS FOSSILS SENT BY PROF. B. F. MUDGE, FROM 


ADF Owe 


DENNISON, TEXAS. 


. Ostrea quadriplicata Shumard. 

. Ostrea (Alectryonia) bellaplicata Shumard. 
. Gryphea pitchert Morton. 

. Neithea texana Roemer. 

. Trigonia emoryi Conrad. 

. Turritella 
. Auchura (Drepanocheilus) mudgeanus White. This species was found 


Undetermined species. 


in the form of natural casts, together with those of several other 
undetermined species, in a mass of red hematite. The mass also 
contained partial casts of two or three of the species of this list, 
showing that the hematits came from the same formation. It is 
described and figured in another part of this volume. 


LIST OF CRETACEOUS FOSSILS SENT BY MR. G. W. MARNOCH, FROM 


ASD SUP Go DOH 


. Toxaster elegans Shumard. 

. Diadema texanum Reemer. 

. Cyphosoma texana Roemer. 

. Cidaris hemigranosus Shumard. 

. Hippurites texanus Roemer. 

. Radiolites austinensis Roemer. 

. Lerebratula wacoensis Roemer. 

. Ostrea subspatula Lyell & Sowerby. 

. Ostrea congesta Conrad. 

. Ostrea (Alectryonia) carinata Lamarck ? 


NEAR HELOTES, BEXAR COUNTY, TEXAS. 


. Orbitulites teranus Reemer.* 
. Astrocenia sancta-sabee Roemer. 


Toxaster teranus Roemer. 


*The nomenclature of the respective authors is here used without any attempt at 
rectification. 


4 


wiuTE.] CATALOGUES OF FOSSILS. 269 


14. Gryphea pitcheri Morton. Besides forms like those figured by 
Morton, Remer, and other authors, there are in this collection 
some large examples that are doubtless only a variety of G. pitcheri. 
The radiating prominence common to the larger valve of most of 
the typical examples is in this variety very prominent, angular, 
and roughened by occasional projecting or vaulted lamin. 

15. Bxogyra arietina Remer. 

16. Lxogyra texana Remer. 

17. Lxogyra ponderosa Reemer. 

18. Exogyra costata Say. 

19. Neithea texana Roemer. 

20. Inoceramus Undetermined species. 

21. Lima leonensis Conrad. 

22. Trigonia emoryi Conrad. 

28. Protocardia texana Conrad. 

24, Anatina Undetermined species. 

25. Liopistha (Cymella) Undetermined species. 

26. Cucullea terminalis Conrad. 

27. Gyrodes Undetermined species. 

28. Pleurotomaria Undetermined species. 

29. Turritella marnochi. White. Described and figured in another part 
of this volume. 

30. Turritella 


Undetermined species. 
31. Nerina Undetermined species. 
32. Turbonilla? Undetermined species. 
33. Ammonites peruvianus Von Buch. 

34. Ammonites flaccidicosta Roemer. 

35. Ammonites woolgarit Mantell.? 

36. Turrilites brazosensis Roemer. 


LIST OF CRETACEOUS FOSSILS SENT BY D. H. WALKER TO THE SMITH- 
SONIAN INSTITUTION, FROM NEAR SALADO, BELL COUNTY, TEXAS. 


. Astrocoenia sancta-sabe Roemer. 
. Toxaster texana Roemer. 
. Toxaster elegans Shumard. 
. Diadema texanum Roemer. 
. Cyphosoma texanum Roemer. 
. Hippurites tecanus Roemer. 
. Radiolites austinensis Roemer. 
. Terebratula wacoensis Roemer. 
. Ostrea congesta Conrad. 
. Ostrea . A large undetermined species. 
. Ostrea (Alectryonia) subovata Shumard.? This appears to be iden- 
tical with Dr. Shumard’s species as figured and described in 
Marey’s Exploration of the Red River of Louisiana, but the 
description is brief and the figure poor, 
12. Ostrea (Alectryonia) carinata Lamarck? This is the species which 
has been usually referred to O. carinata Lamk., and the same as 
No. 13 of the preceding list, but it is probably specifically distinct. 

13. Gryphea pitcheri Morton. The specimens, as usual, present consid- 
erable variety; this being the mest variable species of the genus 
known. 

14. Exogyra valkeri White. Described and figured in another part of 

this volume. 

15. Exogyra leviuscula Roemer. 
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16. Laogyra ponderosa Ikoemer. 

17. Exogyra tecana Roemer. i: s 

18. Hxogyra arietina Roemer. . 

19. Spondylus ? This is apparently a Spondylus. The few ex- 
amples of it in the collection are attached at full length to other 
fossil shells. It is about two and a half centimeters long, and the 
surface marked by numerous fine radiating lines. 

20. Modiola sancta sabe Roemer.* 

21. Neithea duplicata Roemer. 

22. Neithea texana Roemer. 

23. Pinna Undetermined species. 

24. Inoceramus deformis Meek ? 

25. Inoceramus A large broad species. 

25. Inma A robust spinulose species. 

27. Trigonia emoryt Conrad. 

28. Tapes hilgards Shumard. 

29. Protocardia texana Conrad. 

30. Arcopagia texana Roemer. 

31. Anatina? Undetermined species. 

32. Liopistha sancta-sabe Roemer sp. 

33. Corymya This species resembles an elongate Glycymeris, 
but it has the internal rib radiating from the beak of each valve, 
which characterizes Corymya. The collection contains only one 
example, an internal cast. The species is undetermined. 

34, Pachymya austinensis Shumard. 

35. Actceonella doliwm Roemer. 

36. Spiractccon . Undetermined species. 

ot. Plewrotomaria? The examples are rather oes and being 
imperfect their generic characters cannot be clearly determined, 
but they appear to possess the general characteristics of Pleu- 
rotomaria. 

38. Lunatia collina Conrad sp. 

39. Lunatia pedernalis Roemer sp. 

40. Nautilus elegans Sowerby. 

41. Nautilus . Undetermined species. A cast only. 

42. Ammonites flaccidicosta Roemer. 

43. Ammonites leonensis Conrad. 

44, Ammonites peruvianus Von Buch. 

45. Placenticeras placenta DeKay. 

46. Turrilites brazosensis Roemer. 

47. Serpula intrica White. 

48. Serpula A large undetermined species. 


Taking a general view of the Cretaceous faune of the different regions 
of Western North America, we find that there is a marked difference 
between certain of the widely separated regions. For example, the fauna 
of the Texas region, including portions of t the adjacent Territories; that 
of the Pacific coast, especially California, and that of the Upper Mis- 
souri River region, ¢ are each found to possess well-marked fanual pecu- 
liarities. Not only are almost all the species in each region different 
from those of any of the others, but several of the higher groups, as well 
as peculiar types, are found to be restricted to each. The differences of 
this character are as great, if not greater, between the Texas and Upper 
Missouri River regions as ‘they are between either of these and that of 


*As a rule I adopt the nomenclature of the various authors in this list without any 
attempt at rectification. 
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the Pacific coast; and yet, for reasons suggested in the following re- 
marks, it is probable we Shall be able to correlate the strata of the Upper 
Missouri River region with those ofthe Texas region more directly than with 
those of the Pacific coast. No doubt the Cretaceous sea connected the 
Texas and Upper Missouri River regions directly, without the interposi- 
tion of land surface, great or small, and the strata of Cretaceous age may 
now be traced nearly or quite continuously from one region to the other ; 
while it is certain that one or more continental factors were interposed 
between these, together with their intermediate region, and the waters 
which then covered what is now the Pacific coast region. It is in the in- 
termediate region between that of Texas and the Upper Missouri River 
that my labors for 1877 were prosecuted, and a part of the collections 
made by others and recorded in the immediately preceding lists were 
obtained in the same intermediate region. Besides these, collections 
have been made by various parties of the United States surveys in the 
same and adjacent regions, all of which show a commingling of the forms 
which are among those that are respectively: peculiar to each of the sep- 
arated regions. It is expected that this subject will receive especial 
attention in future reports, but the following prominent facts may be 
noted here, the comparisons being mostly between portions of the Texas 
and Upper Missouri River regions, respectively. 

Collections from the Cretaceous rocks of Texas show a remarkable 
profusion of the Ostreide, especially of the genera Gryphaa and Exogyra. 
So far as I am aware, no example of Gryphcca has been found in any 
Cretaceous strata of the West north of latitude 41°; nor any example of 
Exogyra north of latitude 38°; these parallels being used for conven- 
lence as approximate boundaries. Whileitis possible they do exist north 
of those boundaries respectively, it is very certain they are exceedingly 
rare there. These remarks apply only to Cretaceous rocks, for Gryphea 
is well known to exist in Jurassic rocks much farther north. Southward 
from those boundaries respectively, the two genera named are well rep- 
resented, but they apparently reach their greatest abundance in Texas, 
in the rocks of which region at least six species of Lxogyra are found. 

Again, the Hippuritidz are common in the Cretaceous rocks of Texas, 
but I am not aware that an example of any species of the family has ever 
been found north of latitude 35°; and the same may be said of the genus 
Nerina, two or three species of which are found in Texas, but none far- 
ther northward. Echinoderms are very rare in the Cretaceous rocks of 
North America, except in those of Texas, where they are not uncommon, 
but hitherto none but the Echinoidea have been discovered, so far as I am 
aware. Northward from that region only one representative of the 
Crinoidea, one of the Asteroidea, and one of the Echinoidea have been 
found. Besides these differences, there are many genera and some fam- 
ilies well represented in one region that are not known or only slightly 
represented in the other. 

Aside from these faunal differences between different regions of North 
America, which seem not to have been due to separation by then exist- 
ing land barriers, nor to mere local conditions, there are some regional 
differences that do seem to have been due to local conditions connected 
with proximity of extended coasts; such, for example, as those which 
appear in the fauna of the Coalville series of Cretaceous strata. Jurther- 
more, the fauna of all these regions, taken collectively, compared with 
rocks of admitted equivalency of age in other parts of the world, present 
differences that cannot be accounted for by any of the causes suggested. 
These differences are no doubt due in part to the more or less remote 
effects of conditions which governed the distribution of species, but 
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doubtless in large part also to the condition of the bottom of the seas 
which covered the area that now constitutes the regions here diseussed. — 
It is sufficient in this connection to point out a single fact bearing upon — 
this subject. The strata of the Cretaceous formations of the West are 
almost all and everywhere sandstones or sandy shales, and therefore the 
whole sea bottom in those regions must have been almost always and 
everywhere covered with sand. Our knowledge of the faunz of ex- 
isting seas tells us that the continued prevalence of this condition could 
not but have exerted a material effect upon the Cretaceous fauna of this — 
portion of North America. Notwithstanding these faunal differences in 
the strata of the different regions, it is believed that they are all 
respectively synchronous or nearly so; and being so, it is expected that — 
the classification adopted by Hayden and Meek for those of the Upper 
Missouri River region may be appropriately applied to the greater part 
if not all the Cretaceous strata of Western North America. 


CONTRIBUTIONS TO INVERTEBRATE PALEONTOLOGY, NO. 1*: 
a, FOSSILS OF THE WESTERN STATES AND TER- 
RITORIE 


By0. A. WHiIre,..M.. D. 


The materials which form the subject of this contribution have been 
derived from various sources, and the fossils illustrated in the accom- 
panying plates have been obtained from Cretaceous strata of widely 
separated districts of the national domain. A part of them were col- 
lected by different parties of the United States Geological and Geo- 
graphical Survey of the Territories in Colorado, Wyoming, and Utah; 
a part by Mr. D. H. Walker at and in the vicinity of Salado, Bell 
County, Texas; a part by Mr. G. W. Marnoch at and in the vicinity of 
Helotes, Bexar County, Texas, and a part by Prof. B. I. Mudge near 
Dennison, Tex. 

The fossils collected by Mr. Walker were sent by him some years ‘ago 
to the Smithsonian Institution, and have been referred by the Secretary, 
Prof. Baird, to the office of this Survey for investigation. Those col- 
lected by Mr. Marnoch were in part received at the office of the Survey 
directly from himself, and in part through Prof. E. D. Cope, to whom 
Mr. Marnoch had previously sent them; and those collected by Professor 
Mudge were forwarded by himself to the Survey office for investigation. 

It is a part of the plan of publication, adopted by the director « of the 
survey, to prepare illustrations of all fossils obtained from strata of the 
national domain, west of the Mississippi River, whether they have before 
been described or not. Therefore, the illustrations which accompany 
this contribution are not only of species here described for the first time, 
but a large proportion of them represent species that have before been 
described, but not illustrated, either in the various publications of the 
Geological Survey of the Territories or elsewhere. Besides these, the 
various collections sent from Texas are found to contain several species. 
that were described by the late Dr. B. F. Shumard in the Transactions 
of the Saint Louis Academy of Sciences, but of which no illustrations 
were ever published. Drawings of a part of them were made by Mr. A. 
R. Roessler for Dr. Shumard, photographie copies of which were sent to 
the office of the survey. A part of these have been retouched by Mr. 
Holnes, by aid of identified specimens of the species from the Texas col- 
lections, and appear upon one or two of the plates of illustrations. 

The greater part of the drawings of these illustrations have been made 
by Mr. W. H. Holmes, with his usual great accuracy and care. Those 
upon Plate X were drawn by Mr. IF. D. Owen, and those upon Plate [IX 


*The plan adopted for the publication of Invertebrate Paleontology of this Survey 
is as follows: 1. “Paleontological Papers,” numbered serially, consisting of prelimi- 
nary discussions of paleontological subjects, and descriptions of fossils. 2. “‘Contri- 
butions to Invertebrate Paleontology,” also numbered serially, and consisting of illus- 
trated memoirs, with more detailed descriptions and discussions. 3. ‘“ Monographs, id 
consisting of elaborate treatises of special subjects. 
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were drawn by the late Mr. Meek, a short time before his death, and repre- 

sent some of his own species, descriptions of which he had from time to 

time given in the publications of the Survey, and which were not included | 
in his great work on the fossils of the Upper Missouri River country. 

Besides the species thus described by him, and here represented by 
his own drawings, a number of the other illustrations are of his species, 
drawn from his original types. It is expected that a careful investiga- 
tion and identification of the remainder of his types will soon be made, 
and drawings prepared of them for publication in subsequent reports of © 
the survey. 

All the fossils here described and figured are of Cretaceous age, but 
for want of correct infofmation no attempt has here been made to refer 
them respectively to the different horizons that geologists have recog- 
nized in that great formation in Texas, or to compare those horizons 
with the recognized divisions of Cretaceous strata in the Northern Terri- 
tories. 

The material, therefore, upon which this contribution is based is pre- 
sented in a more than usually heterogeneous. manner, which prevents, to 
a great extent, such philosophical discussion as articles of this kind 
ought to contain. But it is thought best to publish it in its present 
form, with such explanations and discussions in connection with.the 
descriptions as the subject will warrant, with the hope of making a more 
philosophic use of the facts here recorded at another time. 


RADIATA. 


_ACTINARIA. 
Genus CARYOPHYLLIA Lamarck. 
CARYOPHYLLIA JOHANNIS (Sp. nov.). 


Plate 6, figs. 6a and 6b. 


‘Corallum reversely conical; sides straight or approximately so; calyx 
‘Slightly oval in outline, moderately deep; septa from 30 to 40, the best 
example contained in the collection showing 38 at the border of the calyx ; 
not originating in definite cycles, but increasing in number with the 
growth of the corallum by implantation, at varying distance from the 
‘base, between the larger ones already established; their edges promi- 
nent, both within the calyx and upon the outer surface, where they form 
the usual vertical costa, each alternating costa being a little more p rom- 
‘nent than the others, especially upon the outer surface. Under a lens 
the whole surface is seen to be covered with small, prominent granules. 
-Broken examples show the sides of the septa to be finely corrugate 
transversely. 

Height about 6 millimeters; longer diameter of the calyx, 54 millime- 
‘ters; shorter diameter, 5 millimeters. 

This species very closely resembles OC. granulifera Stoliczska from the 
‘Cretaceous rocks of Southern India (Palontologia Indica, vol. iv, part 
iv, p. 9, pl. 1, figs. 16 and 17); but the septa in that species are about 
‘one-quarter more numerous than in the one here described. Besides this, 
Dr. Stoliczska’s figures do not show, and his description does not men- 
tion, the regular alternation in the prominence of the costz which is so 
plainly apparent in our examples. 
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_. Position and locality—Strata, probably equivalent with the Fort Pierre 
_ and Fox Hills Groups of the Upper Missouri, at Cimarron, N. Mex., where 
it was discovered by Prof. O. H. St. John, in whose honor the specific 
- name is given. These strata are discussed by him in “ Notes on the 
Geology of Northeastern New Mexico,” Bull. U. S. Geol. & Geog. Surv. 
Terr. vol. ii, No. 4. 


CARYOPHYLLIA EGERIA (sp. nov.) 
Plate 6, figs. 7a and 7 bd. 


Corallum reversely conical or cupuliform; sides more or less convex; 
base rounded; calyx subcircular, shallow; the border apparently a little 
thickened and slightly projecting; septa about 30, each alternating one 
not reaching the columella, their sides are marked vertically by small, 
slightly-raised ridges, giving their edges a rugose appearance when 
broken across transversely ; columella composed of loosely aggregated, 
irregular, coarse threads. 

All the examples that were discovered are imbedded in rock, and none 
of them show the outer surface satisfactorily, but the epitheca seems to 
havye been thin, and the vertical cost not prominent. 

Height about 7 millimeters; diameter of the calyx the same; but these 
proportions vary, some of the examples being proportionally shorter. 

The condition of all the discovered examples of both this species and 
C. johannis is such as to render it difficult to satisfactorily ascertain 
their trne generic character, and it is not certain that one or both of 
them ought not to be referred to Trochocyathus Edwards & Haime. 
They, however, clearly belong to the family Caryophyllide, and in view 
of the exceeding rarity of any of the actinaria in the Cretaceous rocks 
of North America, their discovery is of much interest. 


MOLLUSCA. 


CONCHIFERA. 
Genus OSTREA Linnzeus. 


OSTREA QUADRIPLICATA Shumard. 
Plate 5, fig. 6a, and plate 8, figs. 3 a and b. 


Ostrea quadriplicata SHUMARD, 1860, Trans. Acad. Sci. St. Louis, vol. 1, p. 608. 
? Ostrea crenulo-margo ROEMER, 1852, Kreidebildung von Texas, p. 76, pl. ix, f. 6a and 6). 


The following is Dr. Shumard’s description of this species: ‘Shell 
small, usually arcuate, rarely elongate-subovate, longer than wide; ante- 
rior and basal margins produced into four angles, which are sometimes 
quite salient, and margin more or less deeply excavated. Superior valve 
flat, or a little convex at the umbo; beak obtusely rounded or subtrun- 
eate at tip; surface elegantly ornamented with imbricating lines of 
growth, which are crossed by numerous radiating striz; margins finely 
crenulate; interior gently concave; muscular impression subovate, situ- 
ated near the anal border; ligament facet short, subtrigonal, and finely 
striated transversely. Inferior valve more or less gibbous, posterior 
slope falling abruptly to the margin; beak moderately sharp, rounded 
at lip and directed upward and backward; surface with imbricating 
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concentric [lines], crossed by rather coarse, radiating, bifurcating strie, 
and usually four prominent folds, which commence on the umbo at some 
distance from the beak and terminate at the angles of the border. 

“In nearly all full-grown specimens that I have seen the radiating 
striz occupy merely the rostral half of the shell. The dimensions of an 
average specimen are: Length, 1.30 inches; width, 0.80; thickness, 0.40.” 

This species is much more arcuate than is usual in the typical section 
of this genus, in which respect it resembles some forms of Alectryonia ; 
but it wants the strongly plicated surface and zigzag margins which 
characterize that. subgenus. It doubtless belongs to the typical section 
of Ostrea, although a somewhat aberrant form. It is probable that this 
species is identical with O. crenulo margo Roemer (Kreidebildung von 
Texas, p. 76, Taf. ix, fig. 6 a, b); but as Dr. Roemer seems to have 
obtained examples of the upper free valve only, we are left in some 
doubt upon this point. In none of the somewhat numerous examples 
sent by Professor Mudge to the office of the Survey from Denison, 
Northern Texas, does the upper valve exhibit any plication of the sur- 
face, or possess the prolongations from the free convex margin, which 
are so characteristic of the under valve of the species. Dr. Shumard’s 
figure of the large upper valve, however, shown on plate 8, fig.3b, shows | 
incipient prolongations of its margin, but its lines of increment indicate 
that they were not developed until the shell approached maturity. 
These upper valves, although presenting the variability common to the 
family, possess all the essential specific characters that are shown by 
the upper valve of O. crenulo-margo, as figured and deseribed by Dr. 
Roemer. It should be remarked, however, that the collection contains 
no example with both valves in sitw; also, that the free margins of the 
under valve, except those portions between the middle and the beak, 
show little or nothing of the fine crenulation that marks the entire 
margin of the upper valve, which character suggested the specific name 
to Dr. Roemer. 

The association of these two valves in the same layers, with no others 
that could possibly belong together, and the fact that the four long 
marginal processes of the under valve were not developed until the shell 
approached maturity, together with their common characteristics, seem 
to prove, beyond question, that they belong to one and the same species. 
Dr. Shumard’s examples, illustrated on plate 8, were obtained from the 
blutis of Red River, Lamar County, Texas; Dr. Roemer’s, from Fred- 
ericksburg, Tex., and Professor Mudge’s, from Denison, Tex.; the lat- 
ter furnishing those which are illustrated on plate 5. 


OSTREA (ALECTRYONIA) BELLAPLICATA Shumard. 


Plate 4, figs. 3 a, b; and plate 8, figs. 2 a and b. 


Ostrea bellaplicata SuuM., 1850, Trans. St. Louis Acad. Sci. vol. 1, p. 608. 


This species is more robust than is usual in the subgenus Alectryonia, 
but the strongly plicated surface, zigzag character of the free margins, 
moderately extended hinge-line, and subalation of the postero-dorsal . 
portion are characters which agree with those of that subgenus, and 
separate it from the typical forms of Ostrea. The following is the origi- 
nal description of the species by Dr. Shumard (loc. cit.): 

‘Shell of medium size, ovate or subcircular, anal and pallial borders . 
rounded; buccal border subtruncate; valves unequal. Superior valve 
usually flat, but sometimes concave, or even gently convex; hinge mar- 
gin oblique, nearly straight; beak obtusely angular, angle from 105° to 
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115°. Inferior valve convex, most prominent along the middle, and 
sometimes obtusely subangulated; beak acute, prolonged, situated near 
the bueca] side, and slightly enrved towards the opposite side; museular 
impressions large, moderately excavated, elongate-ovate, upper edge 
concave. Surface of valves marked with prominent, concentric, waved, 
imbricating lamin of growth and form, and from ten to fourteen ele- 
vated, obtusely angulated costa, which originate near the beaks and 
radiate to the margins. 

‘In many of the specimens before me all the ribs are simple, but in 
others some of them are bifurcated. In a few individuals they are 
sharply angulated at their extremities. The concentric lamine are gen- 
erally more distinct and more strongly marked on the superior than on 
the inferior valve. 

“The dimensions of an average specimen are: Length, 1,5, inches; 
width, from beak to base, 2,3, inches ; thickness, ,8; inch. 

“This handsome oyster occurs in the greatest abundance in fine- 
grained sandstone and blue indurated marl, towards the top of the Lower 
Cretaceous, near Sherman, in the bluffs of Post Oak Creek, and various 
other localities in Grayson County. It is found in connection with the 
remains of Squalide, Ostrea congesta, and Corbula graysonensis.” 

_ The figures of this species on plate 8 are from photograph copies of 
Dr. Shumard’s drawings. Those on plate 4 are drawn by Mr. Holmes 
from an example collected by Professor Mudge at Denison, Tex. 


OSTREA (ALECTRYONIA) SANNIONIS White. 
Plate 2, figs. 2 a, b, ¢, d, and e. 
Ostrea sannionis WHITE, 1876, Powell’s Rep. Geol. Uinta Mts., p. 112. 


Shell rather small, alate at both sides of the beak, irregularly subquad- 
rate in marginal outline, its longitudinal axis curved, the convexity of the 
curved side being forward; nearly or quite as wide across the alations 
as at the base, but much constricted in the middle, especially upon the 
posterior side; beaks small, not prominent, directed a little backward. 
Lower valve moderately convex; scar of attachment at the beak small 
or absent; ligament-area short, rather broad, its longitudinal furrow 
shallow, but well defined, transversely striated and pointing obliquely 
backward ; posterior alation narrower and more clearly defined than the 
anterior one and a little longer than the corresponding alation of the 
opposite valve; muscular scar comparatively large, situated nearly mid- 
length of the valve and near the posterior margin, curved-spatulate in 
outline, its broader end being toward the base of the shell and the con- 
vexity of the curve toward the postero-basal portion. Upper valve 
nearly flat, but its lateral and basal portions are made very irregular by 
the coarse and deep plications which are common to both valves. 

Surface of both valves marked by the ordinary lines and laminations 
of growth common to the genus, and also by somewhat numerous crenu- 
lated radiating plications in the rostral region, the greater part of which 
terminate before reaching the bordets, but four or tive of them, increas- 
ing greatly in size as they proceed, reach the basal border of the shell, 
to which they give a strong zigzag character. 

Length from base to beak of one of the larger examples, 39 millime- 
ters; breadth near the front of the same, also 39 millimeters ; across the 
alations, 33 millimeters. 

The species of the subgenus Alectryonia Fischer are, as a rule, less 
subject to extreme variation than those of typical Ostrea; and this is a 
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very clearly defined species, the numerous examples of it in the collec- 
tions showing it to have been subject to little essential variation. It 


long faleiform species represented by A. carinata Lamarck and A. ma- 
croptera VOrbigny. 

Position and locality —Fox Hills Group; valley of Weber River, near 
Coalville, Utah. 


Genus EXOGYRA Say. 
EXOGYRA VALKERI (sp. nOv.). 
Plate 1, figs. 1 a and 5. 


Shell large, broadly subelliptical or oblong in marginal outline, de- 
pressed ; test moderately thick ; larger valve depressed, irregularly con- 
vex; dorsal portion flattened and almost at right angles with the plane 
of the shell, especially near the umbo, from which portion to the general 
surface it is abruptly rounded ; umbo incurved, making more than one 
complete volution, much depressed beneath the general exterior surface 
of the valve ; muscular impression large, subovate in outline, subcentral; 
ligamental groove comparatively small, moderately deep, close to the 
outer margin; pallial margin having a comparatively broad space along 
its whole length marked by faint radiating crenulations. Smaller valve 
nearly flat, or slightly and more or less irregularly concave; its umbo 
flattened and equally incurved with that of the other valve. 

Surface of the larger valve marked by the ordinary lines of growth, 
and, especially upon the incurved side, by irregular knotted ridges upon 
the concentric lines. ‘Surface of the smaller valve marked by very 
numerous and distinct, coarse, concentric laminz of growth. 

Length, 14 centimeters; width, 103 centimeters; thickness, 5 cen- 
timeters. ; 

This species belongs to the section of the genus Exogyra, which is rep- 
resented by such species as H. plicata Chemnitz (sp.), H. boussingaultia 
d’Orbigny (sp.), and H. terana Roemer; the last-named species being 
also from the Cretaceous rocks of Texas. It differs, however, from all three 
of these species in being destitute of all radiating plications or folds ex- 
cept those of concentric increment, as well as in other less conspicuous 
but still obvious characteristics. 

Position and locality——Cretaceous strata; Salado, Bell County, Texas, 
where it was collected by Mr. D. H. Walker, and in whose honor the 
specific name is given. 


Genus PLACUNOPSIS Morris & Lyeett. 
PLACUNOPSIS HILLIARDENSIS (Sp. NOV.). 
Plate 7, fig. 14 a. 


Shell small, broadly oval or subcircular, slightly oblique; test thin, 
fragile, papyraceous; margins somewhat irregular; upper valve mod- 
erately convex; umbo submarginal, the apex depressed and not clearly 
defined. Surface conspicuously marked with numerous coarse, radiating, 
irregularly undulating, abruptly raised lines, which are wider than the 
spaces between them, and some of which appear to have ended at the 
border, or upon imbricating concentric lines, as tubular or semicylin- 
drical processes. Diameter of the few examples obtained, about 12 milli- 
meters. . 


: 


belongs to the typical section of the subgenus, and not to the section of 


§ 


: 
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Although the hinge and interior of this shell are not known, it seems 
to be a species of true Placunopsis Morris & Lycett, and to be nearly 
related to their typical species, although the latter (P. jurensis M. 
& L., Monog. Gr. Ool. Mol. p. 6, pl. 6, figs. 8, 8 a, and 8 b) is of Jurassic 
age, while the former is Cr etaceous. This appears to be the only known 
species of this genus in the Cretaceous rocks of the United States, but 
Mr. Meek (U.S. Geol. Surv. Terr. vol. ix, 4to, p. 23) suggests that the 
Anomia subtrigonalis of Meek and Hayden from the Fort Pierre Group 
of the Upper Missouri probably belongs to the genus Placunopsis. Our 
species differs conspicuously from that one in being radiately marked, 
and also in the character of its marginal outline and general aspect. 

It is trne that neither the under valve nor the interior of our species is 
known, but the characters, so far as they are known, very plainly indi- 
cate the genus to which it is referred. In its marginal outline and sur- 
face-markings it resembles the Capulus occidentalis of Hall and Meek, 
from the Upper Missouri River Region, as figured by those authors, but 
the distinct laminated, pearly texture of the shell substance would forbid 
its reference to that genus if its other characters were less doubtful. 

Position and locality—Strata of the Fox Hills Group; near Hilliard 
Station, Union Pacific Railroad, Wyoming. 


Genus PLICATULA Lamarck. 
PLICATULA HYDROTHECA White. 
Plate 6, fig. 3a and b. 
Plicatula hydrotheca WuirTeE, 1876, Powell’s Rep. Geol. Uinta Mts. p. 113. 


Shell of ordinary size, a little obliquely and irregularly subovate in 
marginal outline; rostral region narrowed, its sides nearly straight or 
only slightly convex; the remainder of the free border somewhat regu- 
larly convex or rounded; lower valve broadly convex; hinge-teeth well 
developed; ligamental fosset moderately large; upper valve nearly flat 
or slightly concave in the rostral region. Surface of both valves marked 
by small, slightly raised, radiating plications, which are crenulated, a 
little irregular, increase in number both by bifurcation and implantation, 
and are more or less distinct upon all parts of the surface of both valves. 

Length, 3 centimeters ; greatest breadth, 24 millimeters. 

Position and locality. —Oretaceous strata, ‘probably equivalent with the 
lower portion of the Colorado Group; head of ica wares Cation, 
Southern Utah. 

Collected by Mr. G. K. Gilbert. 


Genus PTERIA Scopoli. 
PTERIA PARKENSIS White. 
Plate 3, fig. 3 a. 
Avicula parkensis WHITE, 1876, Powell’s Rep. Geol. Uinta Mts. p. 115. 


Shell rather small, slightly inequivalve, very oblique, elongate, thin at 
all the margins except the cardinal; anterior wing of ordinary size and 
shape; posterior wing rather large and long; both valves broadly and 
somewhat regularly convex; greatest breadth of the shell behind the 
middle; antero-basal border broadly convex; posterior extremity regu- 


280 REPORT UNITED STATES GEOLOGICAL SURVEY. 


- larly rounded ; postero-dorsal border nearly straight from the posterior — 
border to the base of the posterior wing; beaks having the ordinary — 


prominence; surface smooth or having the usual concentric lines of 
growth. 

Length, from the end of the anterior wing to the posterior extremity 
of the shell, 34 millimeters; breadth across the widest part of the body, 
15 millimeters. 

This species resembles the Avicula lingulifera of Shumard, but it dif- 
fers from that species in its more elongate form and more oblique hinge- 
line. 

Position and locality Cretaceous strata, probably equivalent with 
those of the Fox Hills Group; south of Grand River, Middle Park, 
Colorado, where it was collected by Prof. J. W. Powell. 


Subgenus Oxytoma Meek. 
PTERIA (OXYTOMA ?) GASTRODES. 
Plate x, fig. la. 


Avicula (Oxytoma?) gastrodes MEEK, 1873, An. Rep. U. 8. Geol. Surv. Terr. for 1872, p- 
491. 


“Shell (as determined from a left valve) attaining a moderately large 
size, subtrigonal in outline, rather distinctly convex, and having a very 
slight backward obliquity; basal outline very profoundly rounded, the 
deepest or most prominent part being in advance of the middle ; poste- 
rior margin moderately sinuous below the wing, from the extremity of 
which it ranges obliquely forward and downward, rounding regularly 
into the base below; anterior margin strongly and subangularly sinuous 
under the wing, thence descending with a slight forward obliquity and 
rounding rather -abruptly into the base; hinge-margin longer than the 
height of the valve, the antero-posterior diameter of which (at any point 
below) it also decidedly exceeds, ranging nearly at right-angles to the 
vertical axis of the shell; beak distinctly convex, rising above the hinge- 
margin, strongly incurved, without obliquity, and situated less than one- 
third the length of the hinge-margin from the extremity of the anterior 
wing, which is subtrigonal in form, somewhat convex, a little rounded at 
the extremity, and very strongly separated from the abrupt shell [swell?] 
of the umbo by a deep rounded concavity extending from the beak ob- 
liquely to the marginal sinus below; posterior wing longer and more 
compressed, narrower and more angular than the other; both wings, 
particularly the posterior one, projecting decidedly beyond the margin of 
the valve below. Surface only showing more or less distinct lines of 
growth, which are stronger on the wings than elsewhere. Right valve 
unknown. 

‘Height of left valve, 1.50 inches; length of same below the wings, 
about 1.30 inches; length of hinge-line, 1.90 inches; convexity (of left 
valve alone), 0.40 inch. 

“Locality and position.—Cretaceous sandstones, Coalville, Utah.” 

Only a single example of this species has yet been discovered, although 
I have carefully searched the locality since Mr. Meek originally discov- 
ered it. It is in the condition of a sandstone cast, but its external char- 
acters are quite clearly shown. It is well represented by fig. 1 a, plate 
x, except that the great convexity of the body of the valve does not fully 
appear. Mr. Meek adds the following remarks to his original descrip- 
tion of this species: 


) 
P 
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-«T have not yet seen the hinge of this shell, or its left* [right] valve, 
and therefore have some doubts in regard to which of the sections of the 
old genus Avicula it would most properly fall into. If the right valve 
is (as I am inclined to think the case) nearly flat, with a deep, sharply 
cut byssal sinus, and its beak not distinct from the hinge-margin, it will 
probably fall into a little group for which I some time back proposed 
the name Oxytoma, typified by Avicula Munsteri Bronn. It differs re- 
markably from typical species of Avicula in its erect form, its wunbonal 
axis being inclined a little backward instead of strongly forward. From 
Pseudomonotis, with which it agrees in its erect form, and the elevated, 
strongly incurved beak of its Tight [left] valve, it differs very strongly 
in having decided, well- developed ears, both in front and behind. Dr. 
Stoliezska thinks the characters of the genus Pseudomonotis should be 
extended so as to include Oxytoma. Should this view prevail, the name 
of our species would probably become Pseudomonotis (Oxytoma) gastrodes. 
It seems to me, however, that Orvytoma stands more nearly related to 
Avicula proper than to Pseudomonotis, as typified by the Permian species 
P. speluncaria, so that if we unite Oxytoma to Pseudomonotis, I cannot 
see why we might not, on the same principle, take another step of the 
kind and restore both to Avicula, which I am certainly not inclined to 
do, though I regard Oxytoma as a subgenus under Avicula. 

“T use the name Avicula here, as elsewhere, subject: to the change 
that it is probable the rules of nomenclature will demand in the restora- 
tion of the older name Pteria, which would require the name of our 
species to be written Pteria gastrodes, if it falls into that group.” 


Subgenus Pseudoptera Meek. 


PTERIA (PSEUDOPTERA) PROPLEURA Meek. 
Plate x, figs. 2 a and b, and c. 
Avicula (Pseudoptera) propleura Merk, 1873, An. Rep. U. 8. Geol. Surv. Terr. for 1872, 
Avicula (Poet rhytophora Merk, 1873, An. Rep. U. 8. Geol. Surv. Terr. for 1872, 
p. 490. 


After careful examination, not only of all Mr. Meek’s type-specimens, 
which were all found associated in the same stratum, but also others 
which I have collected at the original locality at Coalville, Utah, I am 
satisfied that both this species and the form which he described in the 
same publication under the name of Avicula (Pseudoptera) rhytophora are 
specifically identical. I therefore refer both forms to Pteria (Pseudoptera) 
propleura, which name comes first in order in the volume above cited ; 
but I herewith give his description of both forms, together with his 
remarks upon the same, and also figures of Mr. Meek’s types of both 
forms on plate x: 

_ “Shell, as determined from a left valve, obliquely ovate-subtrigonal, 
moderately convex along the oblique umbonal slope in front of the middle, 
and compressed-cuneate behind; posterior margin with its general out- 
line nearly vertical and slightly straightened along the middle, thence 
extending obliquely upward and a little forward, with a very faint sin- 
uosity above, to the hinge, which it meets at an ’ obtuse angle, while it 
rounds rather abruptly into the more or less rounded base below ; ante- 
rior margin ranging obliquely backward and downward nearly parallel 


sean bulgee an inadvertent error. His example is a left valve, which he describes 
as such. 
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to the umbonal slope, faintly retreating near the middle, and from this 
upward to its connection with the anterior end of the hinge, projecting. — 
slightly in the form of a small, short, flattened auricle that is less than 
rectangular at its extremity above and undefined by any marginal sinus _ 
below; hinge-line of moderate length, but not extending quite as far back 
as the margin of the valve below it; posterior dorsal region flattened, 
though not forming a proper alation; beak rather pointed, scarcely ris- _ 
ing above the hinge, rather oblique, and placed very near the anterior 
end of the hinge, but not quite terminal. Surface ornamented by mod- 
erately distinct lines of growth, which, on the anterior part of the valve, 
are crossed by seven or more slender, raised, radiating lines, and one 
stronger rib that extends along the umbonal slope, so as to give it a 
slightly angular appearance, while very faint traces of fine radiating. 
strive are sometimes seen on other parts of the valve. Right valve and 
hinge and interior of both valves unknown. 

“‘Height, measuring at right angles to the hinge, 0.90 inch; length of 
hinge, about 0.75; greatest antero-posterior diameter parallel to the 
hinge, about 0.85 inch; length, measuring from the beak obliquely to the 
most prominent part of the postero-basal margin, 1.20 inches; convexity, 
about 0.23 inch. 

“This species appears to belong to a group of American and European 
Cretaceous Aviculoid shells that seem to me to be sufficiently distinct from 
the typical forms of Avicula (Pteria) and Meleagrina to stand together, at 
least aS a separate subgenus. They differ from the typical forms of 
Avicula in having no extended alations or defined byssal sinus in either 
valve, as well as in presenting a peculiar, more or less obliquely rhombic 
or subtrapezoid outline. The hinge and interior of these shells are un- 
known to me, but the former seems not to be provided with a gaping 
cardinal area, the cardinal edges being thinner and compressed. Avicula 
anomala of Sowerby (1836), as illustrated by d@’Orbigny in Paléont. Fran- 
caise, Terr. Crét., tome ili, pl. 392, may be regarded as the type of this 
Section, for which I would propose the name Pseudoptera. It includes, 
in addition to Avicula (Pseudoptera) anomala Sowerby, Avicula (Pseudop- 
tera) raricosta Reuss, and Avicula (Pseudoptera) jibrosa Meek & Hayden. 

“The two species here described are only referred to this group provi- 
‘sionally, as their right valves are not yet certainly known. There are 
some reasons, however, mentioned further on for suspecting that this valve _ 
may have a deep byssal sinus in one if not both of these species. If 
this should be found to be the case, they cannot be properly referred to the 
above-mentioned group, but would fall into a group for which Stoliezska 
has proposed the name Electroma, typified by the recent species Avicula 
smaragdina Reeve, and thus have to take the name Avicula (Electroma) 
propleura and A. (Hlectroma) rhytophora. Should Scopoli’s name Pteria, 
however, replace Avicula, as I believe the rules of nomenclature will 
require, and the section to which these shells belong properly fall into 
that genus, either as a subgenus or otherwise, then the name Pteria will 
have to be substituted for Avicula in connection with these species. 

“Locality and position—Coalville, Utah; from white sandstone, 250 
feet :bove the lower heavy bed of coal mined at that place.” 

The following is Mr. Meek’s description of and remarks upon the form 
which he designated as Avicula (Pseudoptera) rhytophora : 

“Shell, as determined from a left valve, but slightly oblique, rhom- | 
bic-suboblong, and nearly twice as high as wide in adult examples, but 
proportionally broader and subtrigonal in young specimens; moderately 
convex, the greatest convexity being toward the anterior side, along the 
umbonal slope, which appears to be angular, thence cuneate posteriorly, 
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and more or less deflected inward anteriorly; hinge-line very nearly 
equaling the greatest antero-posterior diameter, and ranging at an angle 
of about 70° to the umbonal axis; posterior margin nearly straight, or a 
little convex in outline along the middle, where it ranges at an angle 
of about 100° to the hinge-margin, but curving a little forward above, 
so as to connect with the latter at a somewhat more obtuse angle, while 
below it curves gracefully downward into the narrowly rounded or some- 
what angular base; anterior margin a little sinuous in outline in the 
middle, with a general direction nearly parallel to that of the umbonal 
slope, but compressed nearly rectangular, and projecting a little beyond 
the beak above, the projecting part not having the character of an ear 
or distinct lobe, though defined by a shallow depression extending from 
the beak obliquely downward and backward to the slightly sinuous cen- 
tral region; beak very nearly terminal, moderately oblique, and rather 
compressed. Surface with more or less distinct lines of growth, and near 
the hinge-margin well defined, regular, vertical ridges or wrinkles that 
seem not to be exactly parallel to the lines of growth. Right valve not 
certainly known. 

“‘ Height of right valve, 3.20 inches; antero-posterior diameter along 
hinge-line, 1.90 inches; height about half-way down parallel to hinge, 2 
inches ; convexity, 0.70 inch. 

“This species will be readily distinguished from the last, not only by 
its much larger size and less oblique and broader form, but also by the 
strong vertical wrinkles along its hinge-margin. It likewise seems to 
be entirely without any traces of the radiating coste seen on the anterior 
side of that species, and has its posterior margin much more nearly ver- 
tical above, and slightly convex in outline, instead of a little sinuous 
there. Its umbonal slope in the only left valve seen seems to be de- 
cidedly angular, though this may be partially if not entirely due to an 
accidental fracture and bending of the valve along that line. It looks, 
however, like a natural angle with some little nodes or projecting points 
along its crest. In general form it presents much the outline of some of 
the large Myalinas of the Western Coal-Measures, such as M. ampla and 
M. subquadrata, but it differs not only in its angular umbonal slope, less 
curved beaks, and wrinkled dorsal margin, but in having its anterior 
margin flattened and a little extended beyond the heak in front, instead. 
of being concave there, thus not leaving the beak quite terminal, as we 
see in Myalina. 

“T am not quite sure that I have seen the right valve of this shell, 
though one of the same general outline and of corresponding size that was 
observed in a large mass of rock at that locality was believed to belong 
to this species.* It was nearly flat and smooth, excepting fine lines of 
growth, and, if I mistake not, had a tolerably deep, well-defined byssal 
notch. If it really belonged to this shell, the species can hardly go 
properly, as already stated, into the group Pseudoptera, the type of 
which has no traces of a byssal sinus in either valve.” 

As before stated, I regard both these forms as belonging to one and the 
same species. Figures 2 a and b on plate x are drawn from Mr. Meek’s 
types of his Avicula (Pseudoptura) propleura, and fig. 3 a from a gutta- 
percha cast of his type (which is a natural mold in sandstone), and only 
example of his Avicula (Pseudoptera) rhytophora. The latter is doubtless 
an old shell, while the others are not quite adult. The vertical wrinkles 
seen near its hinge-margin are faintly indicated upon some of the other 


ny The specimen was broken into fragments in trying to detach it from the mass of 
roc. 
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examples. The true marginal outline of that large example is also in part 
obscure in the specimen, and probably does not differ so much from that — 
of the others as Mr. Meek supposed. The angularity of the umbonal ridge © 
of this large specimen is evidently natural and not accidental, as appears 
more plainly upon the gutta-percha cast which I have made, than upon 
the specimen; and the umbonal ridge of all the other examples is marked 
in a similar manner, which really consists of a radiating rib in the case 
of allof them. Iti is true that no radiating ribs are to be seen upon the 
large example in front of the umbonal one, but they are distinct only 
upon the small examples, which are evidently young, and obscure upon 
the larger intermediate sizes. They seem to have become obsolete, and 
finally obliterated with age. 


Genus INOCERAMUS Sowerby. 


INOCERAMUS HOWELLI White. 
Plate 4, figs. 1 a, b, and e. 
pane: howelli Ware, 1876, Powell’s Rep. Geol. Uinta Mts. p. 114. 


Shell of medium size, obliquely and irregularly suboval in marginal 
outline, the vertical diameter being greater than the transverse ; the left 
valve greater than the other, but both of them have considerable con- 
vexity; beaks narrowed, prominent, the prominence of the left one 
greater than that of the other ; both of them elevated above the hinge- 
line, and also curving forward beyond the front of the shell; front more 
or less flattened, extending almost straight downward from the front end 
of the hinge, with which it forms nearly a right, or slightly obtuse angle ; 
antero-basal margin abruptly rounded to the base; basal margin short ; 
postero-basal margin extending obliquely upward to the posterior ex. 
tremity, straightened or slightly emarginate; posterior extremity abruptly 
rounded to meet the almost straight postero- -dorsal margin. 

Between the axis of the body of the shell and the postero-dorsal mar- 
gin there is upon each valve a rather broad, shallow, but more or less 
distinct furrow or depression, extending from the umbonal region to the 
postero-basal margin and ending in the emargination before mentioned. 
There is also a distinct alation upon each valve, separated from the body 
portion by a tolerably well-defined auricular furrow. 

Surface marked by the ordinary lines of growth and also by the mod- 
erately distinct concentric folds, but the surface has a rather smoother 
aspect than is common with species of this genus. 

Height of an average-sized example, from base to beaks, 7 EB centi- 
meters 3 greatest breadth, which is near the base, 5 centimeters; length . 
of hin we, 37 millimeters. 

This shell has the general aspect of I. fragilis Hall & Meek, but dif- 
fers from it in possessing the shallow radiating furrow upon the body 
of each valve, and also in having a distinct posterior ear, separated from 
the body of the valve by an auricular furrow. It also resembles an ex- 
ample of JI. striatus Mantell, in the cabinet of the Smithsonian Institu- 
tion, from Saxony, but the beaks of our species are more elevated and 
turned more forward than they are in that species. J. striatus is also 
without the shallow radiating furrow before mentioned. It differs from 
I. flaccidus White (Expl. and Surv. West of 100th Merid, vol. iv, pt. 1, 
p. 178, pl. xvi, figs. 1 a and b) in its smaller size, its smoother sur face, 
and more eibbous valves, that species being considerably flattened, and 
coarsely and extravagantly wrinkled. 
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Position and locality.—The original examples were collected by Mr. E. 
E. Howell from Cretaceous strata in Lower Potato Valley, Southern 
Utah. I afterward discovered some imperfect examples in strata of the 
Fox Hills Group, near Captain Dodds’s ranch, in the valley of Ashley’s 
Fork, Utah. 

INOCERAMUS GILBERTI White. 


Plate 3, figs. 1 a, b, and ec. 


Inoceramus gilberti WHITE, 1876, Powell’s Rep. Geol. Uinta Mts. p. 113. 


Shell irregularly suboyal in marginal outline, the transverse diameter 
being greater than the vertical; front more or less flattened; valves 
nearly or quite equal, the left one, if either, the larger, both of them gib- 
bous, and sometimes quite ventricose; umbones broad and elevated ; 
beaks very near the front, incurved, but not projecting beyond the front 
margin; front nearly straight vertically, or sometimes more rounded, in the 
former case forming nearly a right angle with the hinge; front margin 
rounded below to the basal margin, which is broadly convex for more 
than half the length of the shell; postero-basal margin extending ob- 
liquely upward, with a slight emargination, to the posterior extremity, 
which is abruptly rounded to meet the downward-sloping postero-dorsal 
margin; dorsal margin straight, its length equaling more than half the 
long diameter of the shell. Upon each valve there is an obscure radiating 
depression, or-ill-defined furrow, extending from the umbonal region to 
the postero-basal border, and ending there at the emargination before 

‘mentioned. 

Surface marked by the usual lines of growth, and also by numerous 
extravagant, irregular concentric folds or wrinkles. 

This species belongs to a section of the comprehensive genus Jnocera- 
mus that Brongniart designated under the name Catillus. It is a pecu- 
larly well-marked species, and readily distinguishable from any other 
published species from American strata. 

Transverse length of an average-sized specimen, 74 centimeters; height 
from base to hinge, 5 centimeters. 

Position and locality.—Cretaceous strata, probably of the Fox Hills 
Group; near Last Chance Creek, Southern Utah, where it was collected 
by Mr. G. K. Gilbert. 


INOCERAMUS OBLONGUS Meek. 


Plate 2; figs. 1 a and b. 
Inoceramus oblongus MEEK, 1871, An. Rep. U. 8. Geol. Surv. Terr. for 1870, p. 297. 


Shell large, inflated, longitudinally oblong or suboval in marginal out- 
line, widest near the posterior end; valves nearly or quite equal ; hinge- 
line long and straight ; posterior margin long, broadly convex, subtrun- 
cating the shell obliquely downward and a little backward; front and 
basal margins forming a continuous but unequal curve, being greatest 
in front and least near the postero-basal region; beaks equal, not very 
large, nearly terminal, raised above the hinge-line, incurved, and point- 
Be ee little forward. Test comparatively thin for so capacious a 
shell. 

Surface marked by the ordinary lines of growth, and usually by more 
or less distinet concentric undulations. 

This shell bears some resemblance to J. barabini Morton, but it is a 
much larger and more gibbous shell, the adult examples becoming ex- 
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tremely inflated with age (when the back of the shell becomes broad and 
concave), sometimes reaching a length of 19 or 20 centimeters, a height _ 
of 10 or 11 centimeters, and a thickness about equal to the height. The 
usual dimensions, however, are about one-quarter less. 

This species was designated by Mr. Meek in a foot-note to a list of the 
fossils collected by the surveying parties during the year 1870, on page 
297 of Ann. Rep. U.S. Geol. Surv. Terr. for 1870. Just previous to 
his death he had also prepared the drawings of the type-specimens repre- 
sented by figures 1 a and b, plate 2, which are there reduced to three- 
quarters the original size. 

Position and locality.—In the list of fossils referred to, the locality is 
given as ‘Cache la Poudre River, near Greeley, Denver and Pacific Rail- 
road, Cret. No. 3.” During a personal examination of that region in 
1877, I found what I presume is the original locality to be about 15 miles 
west of Greeley and about 6 miles south of Fort Collins. The strata of 
that portion of the Cretacious series, however, are no doubt exposed at 
various localities between the Cache la Poudre and the Big Thompson. 
At the first-named locality numerous specimens of this species were found 
with both valves in place, weathered out of the harder sandstone concre- 
tion distributed in the softer strata, where they are associated with 
several other species characteristic of the divisions 4and 5 of the Upper 
Missouri section. 


Genus BARBATIA Gray. 
BARBATIA COALVILLENSIS White. 


Plate 6, figs. 2 a and b. 


Arca? coalvillensis WuiTE, 1876, Powell’s Rep. Geol. Uinta Mts. p. 115. 

Shell not large, moderately gibbous, transverse length from two-fifths 
greater to nearly twice as great as the height; beaks depressed, situated 
near the anterior end; umbones broad, not prominent; anterior end 
rounded or subtruncate; base usually nearly straight, but sometimes 
slightly convex, and sometimes a little emarginate about the midlength ; 
postero-basal border rounded upward to the posterior extremity, which is 
abruptly rounded up to the downward-sloping, nearly straight postero- 
dorsal border, the latter forming a rounded obtuse angle with the cardinal 
border; hinge equal in length to about two-thirds the entire length of 
the shell, consisting of a moderately slender hinge-plate bearing numer- _ 
ous transverse teeth with about equal spaces between them. ‘The pos- 
terior teeth have an oblique direction downward and a little forward, 
which obliquity diminishes toward the front, so that the teeth from 
about midlength of the hinge to the center of the beak are directly trans- 
verse. These central transverse teeth are a little narrower than those 
farther back, but the two or three teeth in front of the center of the beak 
are larger than any of the others, and a little curved. 

Area apparently nearly obsolete, or at least it is very narrow. Internal 
markings unknown. A slight depression or flattened space upon the 
outer surface extends from the umbo of each valve to its base, meeting 
there the straight or slightly emarginated portion of the basal margin 
before mentioned. . 

Surface marked by the ordinary lines of growth, and also by five radi- 
ating lines, which are often obscure. 

Length of an example a little above the ordinary size, 5 centimeters ; 
height, 33 millimeters. _ 

In the original publication of this species (loc. cit.), I was a little mis- 


a 


WHITE. ] '  PALEONTOLOGY—CRETACEOUS FOSSILS. 287 


led by the imperfection of the specimens then obtained as to the true 
character of the hinge. Further collections made at the typical locality 
by myself have enabled me to correct the description as above and as 
shown in fig. 2 b, plate 6, which is in part arestoration. No entirely per- 
fect example of the hinge has yet been discovered, the posterior terminal 
portion of series shown in the figure having been reproduced from 
another example, and the exact condition of the middle portion of the 
series is not positively known, the doubt in this respect being expressed 
by the imperfection in the drawing at that point. 

Position and locality—From strata apparently equivalent with those 
of near the top of the Colorado Group, or the base of the Fox Hills Group; 
Coalville, Utah. _ At this locality, the division between those two groups 
is not easily determined. 


Genus CRASSATELLA Lamarck. 
CRASSATELLA CIMARRONENSIS (sp. NOY). 
Plate 5, figs. 3 a, b, and c. 


Sheil suboval or subtetrahedral in outline by lateral views, moderately 
gibbous; umbonal ridge usually well defined; valves regularly convex 
in front of it and flattened and a little compressed behind it; dorsum mod- 
erately long and nearly straight as seen by side view; front obliquely 
truncated to about midheight of the shell, from which point it is regu- 
larly rounded to the base; basal border broadly and regularly convex ; 
posterior border obliquely truncated from the dorsum to the postero-basal 
border, which is abruptly rounded to the base; lunule narrow, well de- 
fined, moderately deep, short-lanceolate or narrow-oval in outline; escutch- 
eon comparatively long, lanceolate in outline, well defined by ‘seemingly 
raised lateral boundaries; beaks small, situated well toward the front, 
approximate, scarcely incurved, directed, but not deflected toward the 
front; hinge-plate strong; cardinal teeth well developed, except the 
posterior tooth of the right valve, which seems to be rudimentary; liga- 
mental fosset large; muscular and pallial impressions well marked and 
characteristic; free border of the valves distinctly crenulated. Surface 
marked by fine irregular concentric strie of growth and also by more 
or less distinct concentric ridges and furrows. These characters are not 
well shown in the illustrations of this species on plate 5, because the 
specimen selected for figuring was covered by an incrusting film of lime- 
carbonate, as were most of the examples collected. Wherever this 
inerustation is removed, however, the concentric furrows and ridges are 
usually quite distinct. 

Length, 32 millimeters; height, 25 millimeters; thickness, 18 milli- 
meters. 

This species presents a good degree of variation as shown among the 
specimens in the collection, some being more nearly subcireular and more 
gibbous than the one figured on plate 5; in which respect they some- 
what resemble ©. evansi Hall & Meek, but the typical examples of the 
species depart too widely from that ‘species to need comparison. In 
most of its characteristics it also agrees well with those of the subgenus 
Pachytherus of Conrad, but seems to differ from that form in the rudi- 
mentary condition of its posterior cardinal tooth of the right valve 
before mentioned, and also in the incipient development of a posterior 
lateral tooth in the right valve and an anterior one in the left valve, 
both of which extend below the lower border of the hinge-plaie. 
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Associated with the typical forms of this species, which are represented. 
on plate 5, are others, certainly congeneric with, and perhaps only a — 
variety of this species. It is a more gibbous shell, subcireular, or, at — 
least, more rounded in outline, and with scarcely a trace of the umbonal — 
ridge that marks the typical forms. In these respects it closely resem- 
bles C. evansi Hall & Meek, already mentioned. 

Position and locality.—Cretaceous strata, probably of the age of the 
Fox Hills Group; Cimarron, N. Mex., where they were collected by 
Prof. St. John. : 


Genus TANCREDIA Lycett. 
TANCREDIA? CGELIONOTUS (sp. nov.). 
Plate 5, figs. 2, a, b, c, and d. 


Shell irregularly oblong, transverse, moderately convex; margins closed. 
all around; anterior portion narrower and much longer than the posterior; 
beaks rather large, elevated, especially so above the antero-dorsal margin, 
approximate, incurved and directed forward; posterior portion very short, 
obliquely truncated by a broad and regular curve extending from the 
beaks to the postero-basal margin, which latter is abruptly rounded 
to the base; basal margin broadly convex; front regularly rounded, 
joining the antero-dorsal margin by a somewhat more abrupt curve than 
that by which it joins the base; a large heart-shaped lunule deeply im- 
pressed in front of the beaks but less distinctly defined farther forward; 
a deep inflexion of the hinge-margin, resembling a deep escutcheon, ex- 
tends from the beaks to about midheight of the posterior end of the shell, 
so that the hinge-margin is entirely obscured from a side view ; posterior 
muscular impression moderately large, oval, situated near the posterior 
margin and a little below the midheight of the shell; pallial sinus mod- 
erately deep, extending nearly horizontally forward; hinge unknown; 
ligament apparently external. Surface marked only by the ordinary 
lines of growth. 

Length, 37 millimeters; height from base to umbo, 29 millimeters. 

This species is referred with much doubt to the genus Taneredia, but 
it is provisionally so referred on account of its external form, the want 
of knowledge of its hinge, and the want of positive information as to the 
true character of the pallial line in that genus. Its moderately thick 
test, closed margins, strong muscular impressions, and pallial sinus sug- 
gest a close relationship to Donax, and the horizontal position of the 
sinus is like that of Iphigenia and Hecuba, belonging also to the Dona- 
cide. 

Its broadly rounded front is unlike what we expect to find in Taneredia, 
and according to some authors its pallial sinus would exclude it from 
that genus. The characteristic angle of the antero-dorsal margin of 
Meekiais also wanting in this species. Itis likely that it will hereafter be 
found to represent an undescribed group of shells, but this cannot now 
be formally proposed, because no information as to the character of the | 
hinge has been obtained. However, important differences from known 
genera have here been indicated as existing in this shell, and if a future 
discovery of correlated differences in the hinge should be made, I pro- 
pose for it the name of Tancredina.  . 

Position and locality—Strata of the Fox Hills Group. The example 
represented by fig. 2 d, plate 5, was collected by Mr. J.C. Hersey, 10 
miles west of Greeley, Colo. That represented by figs. 2 a, b, and ¢, of the 
same plate, is from the collection of Prof. Powell’s Survey. Its locality 
is unknown, but it is probably from Northwestern Colorado. 
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Genus CYRENA Lamarck. 


CYRENA SECURIS Meek. 
Plate 3, figs. 2 a, b, and e. 


Corbicula (Cyrena ?) securis MEEK, 1873, An. Rep. U. 8. Geol. Surv. Terr. for 1872, p. 494. 
Cyrena (Veloritina) erecta Wu1TE, 1876, Powell’s Rep. Geol. Uinta Mts., p. 117. 

Shell of medium size, obliquely subovate in marginal outline when 
adult, but subcireular when young, gibbous, especially the upper median. 
portion, but somewhat laterally compressed at the postero-basal por- 
tion; antero-basal, basal, and postero-basal borders forming a continuous, 
almost regular, curve; the dorsal outline, by lateral view, also broadly 
rounded from the beaks to the postero-basal border; front a little con- 
cave transversely below the beaks, and also vertically concave from the 
beaks to a point a little below the midheight of the shell; dorsum lon- 
gitudinally concave from between the beaks to a point on the posterior 
margin a little below the midheight of the shell; beaks prominent, 
approximate, and curved forward; ligament short and narrow. This 
concavity of the dorsum resembles an escutcheon, except that it is not 
defined, especially at the ends; it is moderately deep, narrow, and 
bounded at the sides by the abrupt rounding inward and downward of 
the surface from the outer side of each valve, so that the hinge-margin 
is wholly hidden from sight by a side view of the shell; hinge and inte- 
rior unknown. Surface marked by the ordinary lines and imbrications 
of growth. 

Height, 33 millimeters; antero-posterior width the same; thickness 
about 22 millimeters. 

Mr. Meek’s description was made from a single cast in sandstone 
obtained from strata that are evidently equivalent with those from which 
the example figured on plate 3 was obtained; the localities being upon 
opposite sides of an anticlinal axis, and only about three miles apart. 
This species, as pointed out by Mr. Meek, and shown above, has the 
external characteristics of the forms which he separated as a subgenus 
of Corbicula under the name of Veloritina. Perhaps it belongs to that 
group, but it is more probably related to Cyrena dakotaensis Meek & 
Hayden, from the Dakota Group of the Upper Missouri Cretaceous series, 
and 0. infleca Meek, from a higher Cretaceous horizon near Gallatin 
City, since it is, like those species, associated with marine forms; 
while the species of the group Veloritina, so far as they are fully known, 
are all associated with brackish- and even some fresh-water forms. If 
this supposition is correct, we have the remarkable fact of certain species 
belonging to two genera respectively assuming an external form that 
has been regarded as of subgeneric value. This, perhaps, is not impos- 
sible, especially in this case, because the generic difference, as shown 
by the shells, between Cyrena and Corbicula, is neither clear nor satis- 
factory. Among the numerous examples of shells having the external, 
and in part the internal characters of Corbicula which have been found 
associated with marine forms in Cretaceous strata, I have never detected 
transverse striation upon their lateral teeth. Because of this:and other 
differences from true Corbicula, I refer all these marine Cretaceous forms to 
Cyrena, but they probably also differ from the typical forms of that genus. 

Position and locality —Cretaceous strata of the Fox Hills Group; 
Hilliard Station, Union Pacific Railroad, Wyoming. In my original 
description of the species, as CO. erecta (loc. cit.), it was mentioned as 
oceurrlag at Upper Kanab, Southern Utah, but those examples are now 
thought to belong to another species, and to a higher horizon. 

19G@Ss 
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CYRENA INFLEXA Meek, 


. Plate 10, figs. 7 a and b. 
Corbicula ( Veloritina) infleca MEEK, 1871, An. Rep. U. S. Geol. Surv. Terr. for 1872, p. 493, 


The figures of this species on plate 10 were drawn from Mr. Meek’s 
types, and the following is a copy of his original description: 

“Shell longitudinally ovate, a little less than two-thirds as high as 
long, moderately convex; posterior extremity rather narrowly rounded, 
or apparently sometimes faintly truncated; anterior very short, sub- 
truncated, or. more or less sinuous in outline, just in advance of the 
beaks, on the abrupt forward slope above, and rather abruptly rounded 
below; basal margin semiovate or semielliptic; dorsal margins inflected 
and forming a long convex slope from the umbonal region posteriorly; 
beaks rather depressed, oblique, incurved, and placed near the anterior 
end;, umbonal slopes not prominently rounded; surface merely showing 
fine, rather obscure marks of growth; anterior muscular impression 
rather strongly defined and obliquely ovate; posterior muscular im- 
pression larger and obscure; pallial line showing a deep, angular, ascend- 
ing sinus; posterior lateral teeth of hinge very long, linear, and nearly 
or quite smooth; anterior short; cardinal teeth very oblique. 
* “Vength of a specimen a little under medium size, 1.35 inches; height, 
0.39 inch; convexity, 0.68 inch. 

“Locality and position—Near Missouri River, below Gallatin City, 
Mont., where it occurs associated with Trigonia, Inoceramus, Cardium 
Ostrea, and other marine Cretaceous fossils.” 

Mr. Meek referred this shell to the genus Corbicula and his subgenus 
Veloritina. It is almost certainly not Corbicula, as that genus is usually 
restricted, because its lateral teeth are not transversely striated, and its 
pallial sinus is very different. As remarked in connection with the 
description of the preceding species, I refer such shells as that and this 
one to Cyrena, if found associated with marine Cretaceous species and 
the lateral teeth show no striation. The character of the lateral sinus, 
however, as pointed out by Mr. Meek, is very like that of the Veneride, 
and not like that of either Corbicula or Cyrena, and it is likely that this 
shell does not properly belong to either of those genera. But until we 
can obtain specimens which show clearly the character of all parts of 
the hinge, I prefer to refer such forms as this to Cyrena, as before stated. 


Genus CORBULA Bruguiére. 
CoRBULA NEMATOPHORA Meek. 
Plate 3, figs. 4 a, b, c, and d. 


Corbula nematophora Meek, 1873, An. Rep. U. 8S. Geol. Surv. Terr. for 1872, p. 496. _ 
Corbula nematophora White, 1876, Expl. & Surv. West of 100th Merid., vol. iv, p. 188, 
pl. xvii, fig. 7. 

“Shell of about medium size, ovate-subtrigonal, nearly equivalve and 
moderately convex, with height equaling two-thirds the length; anterior 
outline rounded; base semi-ovate; posterior extremity somewhat pro- 
duced and subangular or minutely truncated in outline below; dorsal 
outline sloping from the beaks, the anterior slope being more abrupt and 
slightly concave in outline above, and the posterior longer and nearly 
straight, with a greater obliquity; posterior umbonal slopes more or less 
angular in each valve, from the beak to the posterior basal extremity ; 
beaks rather prominent, and. placed about one-third the length of the 
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valves from the front. Surface ornamented by small, regular, concen- 
tric ridges, or strong lines and furrows, both of which are more distinct 
on the right valve than on the left, where they are sometimes obsolete. 

si Length of largest specimen seen, 0.50 inch; height, 0.32 inch; con- 
vexity, 0.25 inch. 

“ Locality and position—Near Cedar City, Southern Utah, from coal- 
bearing Cretaceous beds, apparently belonging to the same horizon as 
the lower part of the coal series at Coalville. It occurs in great num- 
bers, associated with Turritella coalvillensis and other forms apparently 
identical with Coalville species.” 

This species, as pointed out by Mr. Meek, closely resembles some of the 
varieties of C. perundala Meek & Hayden, but it differs sufficiently from 
any other form yet found in any marine Cretaceous strata. Some small 
specimens of apparently the same species were found among the fresh- 
and. brackish-water Cretaceous forms at Carleton’s coal mines near Coal- 
ville, but the typical examples are associated with marine forms. 


Genus CARDIUM Linneus. 
CARDIUM PAUPERCULUM Meek. 


Plate 9, fig. 3 a. ‘ 


Cardium pauperculum MEEK, 1872, An. Rep. U. 8. Geol. Surv. Terr, for 1870, p. 306. 


The following is Mr. Meek’s description of this species, and as no ad- 
ditional examples of it have been collected, no further determinations 
have been made concerning its characters and relations. The illustra- 
tion, fig. 3 a, plate 9, was drawn by Mr. Meek shortly before his death, 
and represents one of the better-preserved examples in the collection : 

“ Shell small, very thin, rather compressed, subovate or subcircular ; 
beaks moderately prominent and nearly centr al; surface ornamented by 
about thirty regular, simple, distinctly defined, radiating coste, which 
about equal the intermediate furrows, and (owing to the thinness of the 
valves) are well defined internally, and thus impart a plicated or crenated 
character to the margins; crossing these are numerous very regular, 
well-defined, delicate marks of growth, that are usually less distinct on 
the posterior third, but give a neatly crenulated appearance to the costze 
further forward. 

“The specimens of this little shell are rarely more than about 0.50 
inch in diameter, and are all more or less flattened or otherwise distorted. 
Sometimes they are distorted by antero-posterior pressure, so as to pre- 
sent somewhat the appearance and outline of a Lima, being higher than 
wide, and more or less oblique; while in other examples” they are dis- 
torted by vertical pressure, so as to present little or no obliquity and to 
show a greater antero-posterior diameter than height. I have not seen 
the hinge, but some impressions in the matrix show that it has anterior 
and posterior lateral teeth like those of Cardiwm. It, however, does not 
properly belong to the typical section of that genus. 

‘* Locality and. position.—Yort_ Benton Group, or No. 2 of the Upper 
Hseoum Cretaceous series, at Oil Springs, 20 miles west of Fort Bridger, 

yo.” 


) 


CARDIUM TRITE (sp. DOV.). 
Plate 5, figs. 4 a and b. 


Shell broadly subovate or suborbicular, height and width about ead 
valves gibhbous, regularly arching from beak to base; median portion 
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regularly convex; sides a little flattened above the middle; rostral por- 
tion narrowed, elevated, arched; beaks situated well toward the front, 
much elevated above the hinge-line, prominent, incurved, approximate, — 
and turned very slightly, if any, forward ; hinge-margin moderately long 
for a species of this genus; front having a short, oblique truncation 
above, from the lower end of which the whole free margin of the shell is 
continuously rounded to the posterior extremity of the hinge, the con- 
vexity varying, but not very greatly, in different parts. Surface marked 
by very numerous fine coste of nearly uniform size on all parts of the 
shell, every third one of which only, bears upon its back many small 
nodes or short spines. 

Height, from base to beak, 35 millimeters ; width, 36 millimeters. The 
height is, however, sometimes greater than the width. 

This species bears more resemblance to C. curtum Meek & Hayden 
than to any other species of Cardiuwm yet described from the Cretaceous 
rocks of the West, but the prominent umbonal ridge, and the coarser 
and non-spiniferous cost of that species, besides many other details, 
clearly separate it from the species here described ; the peculiar charac- 
ter of the surface-markings also separate it from any other described 
species with which it is in any danger of being confounded. 

Position and locality Cretaceous strata, probably equivalent with the 
lower portion of the Colorado Group; head of Waterpocket Caiion, 
Southern Utah. Collected by Mr. G. K. Gilbert. 


CARDIUM ie 


Plate 9, figs. 2 a, 6, and ec. 


The illustrations of this species on plate 9 were drawn by Mr. Meek 
only a short time before his death, and were intended to represent a new 
species, which, however, I have not yet been able to identify by speci- 
mens in the collections of either the Survey or Smithsonian Institu- 
tion. Therefore no description is attempted, but the illustrations are 
given for the purpose of presenting to the public the latest labors of 
that distinguished author, and to aid in the future identification of the 
species. The illustrations represent a species closely related to the 
C. curtum of Meek and Hayden; but it differs conspicuously from that 
species in having the cost that cover the space behind the umbonal 
ridge smaller (instead of larger as they are in that species) than they 
are on the greater surface of the shell in front of the ridge. Upon its 
identification by discovered specimens, I propose for it the name C. ulti- 
mum, in allusion to the last work done by the late Mr. Meek. 


TRAPEZIUM TRUNCATUM Meek. 


Plate x, figs. 6 a and b. 


Pachymya? truncata MEEK, 1871, An. Rep. U. 8. Geol. Sury. Terr. for 1870, p. 301. 
Trapezium truncatum MEEK, 1873, An. Rep. U. S. Geol. Surv. Terr. for 1872, p. 493. 


“Shell small, longitudinally oblong, very convex; posterior side long, 
distinctly and rectangularly truncated, apparently closed; pallial mar- 
gin nearly straight and slightly sinuous along its entire length; anterior 
mnargin truncated a little obliquely forward from the beaks to the rather 
prominent and abruptly rounded, or subangularly anterior basal extrem- 
ity; cardinal margin nearly straight and parallel to the base; beaks 
depressed nearly to the horizon of the dorsal margin, very oblique, some- 
what compressed, and placed less than one-fifth the length of the valves 
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behind the anterior extremity ; posterior umbonal slopes quite prominent 
or subangular, and continued obliquely to the posterior basal angle, so as 
to divide the surface of each valve into two nearly equal, elongated, in- 
equilateral triangles, the lower of which forms the concave flanks ; an- 
terior muscular sear small, but very deep; posterior muscular scar lar ger, 
shallow, suboval; pallial line not distinctly seen, but apparently with a 
small sinus. Surface with rather coarse, irregular marks of growth. 

“ Length, 1.15 inches; height, 0.55 inch; convexity, 0.58 inch. 

“ Locality and position—The specimen was given to Dr. Hayden at 
the Salt Lake, and was found in that region, but he could not ascertain 
the precise locality. It is almost certainly Cretaceous.” 

There were three examples of this species found among the collec- 
tions formerly in Mr. Meek’s hands for investigation, of one of which 
two views are given on plate x. Nothing further has been learned as 
to their true locality and position. Neither has anything further been 
learned concerning ‘the hinge or internal characters of the shell, but it is 
probably correetly referred to Trapezium. 


TRAPEZIUM ? MICRONEMA Meek. 
Plate x, fig. 5 a. 


Trapezium micronema MEEK, 1873, An. Rep. U. 8. Geol. Surv. Terr. for 1872, p. 493. 

“Shell attaining a rather large size, elongate-trapeziform, the length 
being a little more than twice the height, which is about one-third greater 
than the convexity; anterior margin very short and round; posterior 
margin obliquely truncated above and narrowly rounded below; base 
nearly straight, or faintly sinuous along the middle, rounding up rather 
abruptly at each end; dorsal margin long, straight, and parallel to the 
base; beaks depressed nearly or quite to the horizon of the dorsal mar- 
gin, and located one-sixth the entire length of the valves from the ante- 
rior margin; umbonal slopes prominently rounded from the beaks ob- 
liquely backward and downward nearly to the posterior basal extremity, 
while below this convexity a shallow concavity extends from each beak 
obliquely backward to near the middle of the basal margin. Surface 
with numerous very fine, regular, crowded, thread-like radiating lines. 

“ Length, 2.28 inches; "height, 1,21 inches ; ; convexity, 0.90 inch. 

“T know nothing of the hinge of this shell and merely place it in the 
genus Trapezium from external characters. Its form and surface mark- 
ings, however, are such as to leave little room for doubts in regard to its 
relations to that genus or Coralliophaga. 

“« Locality and position—Cretaceous coal-bearing sandstones at Bear 
River City, on Sulphur Creek, Wyoming.” 

No other than the type- specimen of this species has yet been discov- 
ered, and consequently nothing further is known of its characters. 


BARODA WYOMINGENSIS Meek. 
Plate x, figs. 3 a and b. 


Tapes wyomingensis MEEK, 1871, Au. Rep. U. 8. Geol. Surv. Terr. for 1870, p. 310. 
Baroda wyomingensis MrEk, 1873, An. Rep. U. 8. Geol. Surv. Terr. for 1872, p. 493. 

The following is Mr. Meek’s original description of this species, only a 
single specimen of which has been discovered among the collections 
examined by him, but that is evidently his type and only example. It 
is figured on plate x. 
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‘Shell elongate-subelliptic in outline, much compressed ; extremities 
nearly equally rounded; pallial margin straight and nearly parallel to 
the dorsal, but rounding up regularly at both ends; dorsal side straight © 
or very slightly convex in outline; beaks depressed nearly or quite to 
the dorsal margin and placed about one-fourth the length of the valves 
from the anterior end; anterior muscular impression ovate, rather well 
defined, and with its longer diameter ranging vertically; pedal sear dis- 
tinct, near the upper end of that of the anterior adductor ; posterior mus- 
cular impression very shallow; pallial line with its sinus rather deep, 
horizontal, and obtuse at the end. Surface with lines and some small 
ridges of growth. 

“ Length, 1.70 inches; height, 0.82 inch; convexity, about 0.28 inch.” 

Mr. Meek also makes the following remarks concerning the relations 
of this shell: 

“The only specimens of this species yet obtained are mainly casts retain- 
ing some portions of the shell. They give very little idea of the nature of 
the hinge beyond the fact that it seems to have three diverging cardinal 
teeth, the exact form and arrangement of which cannot be made out. 
The general expression of the shell, however, is very nearly that of some 
European Cretaceous forms that seem to have essentially the hinge char- 
acters of Tapes, though they may not be exactly congeneric with the re- 
cent species of that genus. Among the foreign species our shell seems 
to be most nearly represented by Venus fragilis d’Orbigny (from the Cre- 
taceous of France), which is not a true Venus, but has been referred by 
Mr. Zittel to the genus Tapes. (See Bivalven der Gossaug. Nord Alpen. 
Compared with d’Orbigny’s figure and description of his V. fragilis, 
given in the Paléont. Francaise, our shell differs in being regularly 
rounded instead of truncated posteriorly. It is also straighter on the 
basal margin and more broadly rounded in front. In some of these 
characters it agrees more nearly with Professor Zittel’s figures, which I 
suspect may represent a distinct species from that figured by @’Orbigny. 
Still it differs from Professor Zittel’s figures in having its anterior margin 
more broadly rounded and its pallial margin straighter in outline. 

“ Locality and position—Mouth of Deer Creek, on North Platte, in 
Wyoming Territory; Fox Hills Group of the Upper Missouri Cretaceous: 
series.” 

Two years after this description was written, Mr. Meek referred this 
species to the genus Baroda Stoliezska (loc. cit.) in which he was proba- 
bly right, although nothing further is known concerning the hinge of 
the species. It is evidently congeneric with the following species, which 
I also refer to Baroda. 


BARODA SUBELLIPTICA (Sp. NOV.). 
Plate x, figs. 4 a, b, c, and d. 


_ Shell subelliptical in marginal outline, moderately compressed, that is, 
the valves have comparatively slight convexity ; anterior and posterior 
extremities both somewhat regularly, nearly equally, rounded, the poste- 
rior being a little narrower than the front; basal margin broadly convex 
and regularly rounded upward, both anteriorly and posteriorly; dorsal 
border broadly convex and regularly rounded downward, both anteriorly 
and posteriorly; beak small, moderately prominent, and placed nearly 
midlength of the shell. The hinge is not fully known, but as that of the 
left valve is partially shown by the larger of the two examples figured 
on plate x, it appears to be furnished with three teeth. Two of them are 
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of moderate size, the position of the posterior one of which is directly 
beneath the beak, and both are directed somewhat forward. The poste- 
rior one of the three is much the longest and diverges very obliquely 
backward. Muscular impressions and pallial line unknown. Surface 
comparatively smooth, but marked with concentric lines and faint undu- 
lations of growth. 

Length of the larger example, 35 millimeters; height from base to 
beaks, 23 millimeters. 

By the characteristics of the hinge of this shell, so far as they can be 
ascertained, it appears to belong to the genus Baroda Stoliezska, but 
the shell is proportionally shorter than those of this genus usually are, 
and its beaks are also more medially situated than is usual in Baroda. 
Externally it has much the appearance of those Cretaceous forms which 
are usually referred to TYellina. It resembles in outline the Tellina 
Paleomera) inconspicua of Forbes, as figured by Stoliczska in vol. iii, 

alzontologia Indica, plate iv, fig. 8, but the character of the hinge, so 
far as it has been seen, forbids the reference of this shell to Tellina. 

Position and locality—Strata of the upper portion of the Fox Hills 
Group; at the mouth of the Saint Vrains, Northern Colorado, where it 
was discovered by Mr. W. H. Holmes. 


MAcTRA? HOLMESI Meek. 
Plate 6, figs. 4 a, b, and e. 


Cyrena? holmesi MEEK, 1875, Bull. Geol. and Geog. Surv. Terr., vol. 1 (2d ser.), No. 1, 
p. 45. 


“Shell under medium size, thin, transversely ovate or subtrigonal, 
rather compressed ; anterior side shorter than the other and rounded in 
outline; posterior moderately produced and subtruncated at the extrem- 
ity; basal margin transversely semiovate, its most prominent part being 
antero-centrally; beaks somewhat depressed and placed about half-way 
between the middle and the anterior ; dorsal margins forming a rather 
long, nearly straight, or slightly convex, gentle slope behind the beaks, 
and declining more abruptly in front, with a distinetly sinuous outline 
just before the beaks; surface ornamented with numerous fine, regular, 
sharply defined concentric lines. 

“ Length, 0.62 inch; height, 0.54 inch; convexity, about 0.32 inch. 

“There are among the specimens apparently of this species quite a 
variety of forms, produced, as I am inclined to believe, mainly at least, 
by accidental distortion, though they may represent several distinct 
species. The specimen from which the foregoing description and 
measurements were derived presents the appearance of not having been 
distorted, and, as may be seen by the measurements, is decidedly longer 
than high. Others, however, agreeing exactly in surface-markings and 
most other characters, have the length and height nearly equal, or the 
latter even a little greater than the former. Some of the specimens also 
difter from that taken as the type of the species in having the posterior 
umbonal slopes prominent and subangular all the way from the beaks to 
the posterior basal extremity, instead of only moderately convex. As 
above intimated, however, all of the specimens departing decidedly from 
the typical form show more or less indications of accidental distortion and 
present precisely the same surface-markings as the typical specimen. 

“In regard to the generic relations of these shells, the specimens are 
far trom satisfactory, none of them showing the muscular or pallial im- 
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pressions or the cardinal teeth. Some of the casts, however, show that 
there was a posterior lateral tooth in one or both valves, rather elon- 
gated, parallel to the posterior dorsal margin, and a much shorter ante- | 
rior lateral close to the beak. Of course it will be impossible to deter- 
mine the generic characters of these shells until more satisfactory speci- 
mens can be obtained, and it is only provisionally that the species is 
now referred to the genus Cyrena. The specific name is given in honor 
of Mr. William H. Holmes, the artist of the Survey, who discovered the 
type-specimens. 

“Locality and position.—On Ralston [Van Bibber?] Creek, three or four 
mniles north of Golden City, Colo., from beds supposed to hold a position 
from 400 to 500 feet above the beds of coal mined at Golden City. 
Probably of Tertiary age. I think Dr. Peale found the same species 
farther south, between Golden and Colorado Springs, not far from the 
latter. No other fossils were found associated with it.” 

Figs.5 a and b, plate x, represent what is understood to be the form 
referred to in the closing paragraph quoted above as having been col- 
lected by Dr. Peale in the neighborhood of Colorado Springs. The spec- 
imens are all imbedded in hard rock, but by breaking many of them 
they are found to have essentially the hinge structure of Mactra, but 
the minor details of parts of the hinge have not been satisfactorily ascer- 
tained on account of the brittleness of the fragile shells and the com- 
pactness of the imbedding rock. 

Figure 4 c, on plate 6, is drawn from Mr. Meek’s type. Figures 4 a 
and b of the same plate are of associated examples. An examination of 
a number of examples obtained by myself at the typical locality, four 
miles north of Golden City, leaves little or no doubt in my mind that the 
true Cyrena? holmest also has a hinge in all respects like that of the 
other form from near Colorado Springs, which, as before remarked, is 
essentially like that of Mactra. 

I have not been able to ascertain with precision the geological age of 
the stratum from which the last-named forms were obtained, but if the 
shells belong, as I suppose, to the Mactride, we must, in this case, neces- 
sarily assume them to be of not later date than the Fox Hills Creta- 
ceous Group, because that group embraces the last of the true marine 
deposits in that part of the continent. Resting immediately upon the 
Fox Hills Group is the Laramie Group, all the known faunal remains of 
which are of brackish-water, fresh-water, or land habitat, which of course 
embrace no Mactride. Above the Laramie Group all the deposits are 
of fresh-water origin. 

As to the strata from which the typical examples of Cyrena? holmesi 
were obtained, after a careful personal examination of the locality, I 
have no doubt that they really belong.to the Fox Hills Group,* and that 
they have, at that point, been completely inverted by the great outflow 
of trap, a large part of which still rests on the neighboring Table Mount- 
ain, and the great vent of which is clearly traceable immediately adja- 
cent to the fossil locality. 


* This view is still further strengthened by the discovery, by Mr. Arthur Lakes, of 

Golden City, of an unmistakable fragment of a Scaphites in the same stratum with the 
shells here described. 
' Since the foregoing portion of this note was written, Mr. Lakes has sent to the Sur- 
vey a box of fossils from Bear Creek, near Morrison, Colo., among which is a mass of 
calcareous stone from ‘‘750 feet below the coal,” charged with shells having all the 
characteristics of Cyrena? holmesi Meek, and also containing a fragment of a Scaphites 
(S. mandanensis Morton?), which is evidently identical with the fragment that Mr. 
Lakes found associated with Cyrena holmesi Meek at the typical locality. This leaves 
no doubt of the Cretaceous age of the last-named species. 
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I am much disposed to agree with the opinion expressed by Mr. Meek, 
that these two forms are specifically identical. I have no doubt he was 
influenced in the provisional reference of the shell which he named 
Cyrena? holmesi to that genus, rather than to Mactra, by the supposition 
that the strata from which it was obtained were those of the Lignitic 
or Laramie Group, which he at that time regarded as Tertiary, because 
the characters of the shell, so far as he had determined them, were com- 
mon to both the Cyrenide and Mactride. That is, he saw only the lat- 
eral teeth of the hinge. He mentioned nothing about an external liga- 
ment, such as characterizes C yrena, and I have not been able to detect a 
trace of any such ligament in any of the specimens examined; and 
those forms from the neighborhood of Colorado Springs certainly do not 
possess any. 

By acomparison of the figures 4 a and b with 5a and J, on plate 6, it will 
be seen that the latter, representing the form from north of Golden City, 
is shorter than the other form from the neighborhood of Colorado 
Springs, but not proportionally shorter than Mr. Meek’s type; but, as 
Mr. Meek has shown, the specimens have all, or nearly all, been dlis- 
torted by pressure in the soft shale in which they are imbedded, and in 
which they are all in the form of casts. On the contrary, those from 
near Colorado Springs are completely preserved in form and texture, in- 
cluding the most delicate markings of the surface. It is possible that 
these two forms belong to distinct species, but it is not probable. 

There are certain features in these shells, common also to some others 
that have been discovered in the Cretaceous strata of the West, that sug- 
gest at least a subgeneric distinction from the typical forms of Mactra 
different from any of the published subgenera, but they doubtless belong 
to the family, Mactride as before stated. 


MAcTRA? CANONENSIS Meek. 
Plate 9, figs. 11 a, b, and e. 
Mactra ? canonensis MEEK, 1871, An. Rep. U. 8S. Geol. Sury. Terr. for 1870, p. 308. 


_ The following is Mr. Meek’s original description of this species, and 
the figures of if on plate 9 are from his own drawings: 

“Shell small, very thin, transversely subovate, rather compressed or 
moderately convex, with length about once and a half the height; ante- 
rior side rounded; posterior side longer, narrower, and obliquely sub- 
truncated at the extremity; pallial mar ein forming nearly a semiovate 
curve, being most prominent anteriorly, straight or very slightly sinuous 
behind the middle, and rounding up very abruptly to ‘the lower part of 
the truncated posterior margin ; “dor sal outline nearly straight and slop- 
ing to the truncated posterior, and declining more abruptly i in front; 
beaks small, moderately prominent, and placed one-third the length of 
the valves from the anterior margin ; posterior umbonal slopes rather prom- 
inentto the posterior basal extremity, while the sides in front of this prom- 
inence are flattened, oreven slightly concave below. Surface with rather 
regular but distinct lines and furrows of growth. Muscular impressions 
shallow, posterior round-oval, anterior narrower, with a slender prolon- 
gation above; pallial line with a shallow, rather rounded sinus. 

“Tength, 0. 78 inch; height, 0.53 inch; convexity, 0.31 inch. 

“ Locality and position —Caton City Golo. ie 

It now seems almost certain that this form is specifically identical 
with DL. holmesi (=Cyrena ? holmesi Meek), the principal observable dif- 
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ference being that of size. But in the absence of full knowledge con- 
cerning the hinge of either of these forms I prefer at present to leave it 
under the designation originally given it by Mr. Meek. Compare the > 
description of this form with that of M. holmesi, immediately preceding ; 
and also compare figs. 11 a, b, and ¢, on plate 9, with figs. 4 a, b, and ¢, 
and figs. 5 a and 8, on plate 6. 


Genus PACHYMYA Sowerby. 


PACHYMYA AUSTINENSIS Shumard. 


Plate 8, figs. 1 a and 6, and plate 5, figs. 7a and 0. 


“Shell very large, length more than double the width, and less than 
double the thickness; greatest width near the center, where the shell is 
very gibbous; subangulated diagonally from the posterior side of the 
beak to the anal extremity and sloping to the margins; posterior slope 
broad; sides constricted anteriorly by a broad, shallow depression, which 
commences some distance below the beaks and extends obliquely back- 
ward and downward to the base; superior and inferior margins subpar- 
allel; buccal end very short, narrowly rounded; anal end obliquely trun- 
cate, gaping, angulated at extremity; pallial margin concave in the mid- 
dle, rounded before, flattened, incurved, approximate; surface marked 
with irregular concentric lines of growth. 

‘¢ Length, 6.30 inches; width, 2.30; thickness, 3.64. 

“This shell is very nearly related to, if not identical with, P. gigas ot 
Sowerby (Min. Conch. vol. 6, p. 1, pl. 504, 505). The only essential 
points of difference that I can perceive are that in the foreign shell the 
beaks are situated nearer the anterior extremity, and the sides do not 
exhibit the oblique anterior depression which appears to be a constant 
feature in the Texan fossil.” 

Dr. Shumard reports this fossil as from the ‘ Washita limestone on 
Shoal Creek, near Austin, associated with Terebratula wacoensis, Turri- 
lites brazoensis, and Ostrea subovata.”. A large specimen sent to the 
Smithsonian Institution, from Salado, Bell County, Texas, by Mr. D. H. 
Walker, measures 22 centimeters in length, a dorsal view of which is 
shown on plate 8, fig. 1 b, reduced one-half its natural diameter. A 
young example, also sent by Mr. Walker, is shown on plate 5, figs. 7 a 
and b. 

The illustration, fig. 1 a, Plate 8, is a reduced copy from a photograph 
of one of Dr. Shumard’s original drawings, about two-thirds natural di- 
ameter. The large example first mentioned is a natural cast, and shows — 
a deep, narrow groove passing obliquely downward and a little back- 
ward, immediately behind the anterior adductor scar, which disappears 
before reaching the base of the shell, and which, of course, represents a 
ridge upon the inner surface of the shell, much like what occurs in Pleu- 
rophorus. ‘The scar of the anterior adductor is large, and situated very 
near the front margin. 


PACHYMYA ? HERSEYI (sp. nov.). 
Plate 5, figs. 5a and b. 


Shell smail, elongate-oblong, wider posteriorly than anteriorly, inflated, 
greatest thickness a little forward of the middle, slightly gaping behind; 
- beaks depressed, approximate, incurved, placed near the front; basal 
margin nearly straight, or only slightly convex; posterior margin trun- 
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cating the shell obliquely downward and backward, meeting the basal 
margin by an abrupt curve, and the cardinal margin by an obtuse angle; 
cardinal margin nearly straight, not quite parallel with the base, because 
the shell is wider behind than in front; front short, truncated downward 
and forward from the beaks to about midheight of the shell, and then 
abruptly rounded to the basal margin; posterior umbonal ridge rounded, 
prominent, and ending at the projecting postero-basal margin; postero- 
dorsal space, or that above the umbonal ridge, so compressed as to make 
that portion of the shell thin and sharp, quite in contrast with the obtuse 
angle formed by the meeting of the two valves at the base. Hinge and 
interior markings unknown. Surface marked by the ordinary lines and 
imbrications of growth. 

Length, 25 millimeters; height from base to beaks, 8 millimeters; 
height near the posterior end, 10 millimeters; greatest thickness, 10 mil- 
limeters. 

This species is perhaps related to Pachymya truncata Meek,* but differs 
from that species in having its posterior margin very obliquely, instead 
of rectangularly, truncated; its cardinal and basal margins are not par- 
allel as in that species, and its beaks are placed nearer the front, besides 
other less conspicuous differences. 

It is referred to Pachymya with some doubt, mainly on account of the 
thinness of the test and the general delicacy of the shell. It is possible 
that it should be referred to Trapezium, but no trace of the radiating 
striz, which usually mark the surface in that genus, have been detected 
in this species, and it lacks the general facies as well as the form of that 
genus. . : 

Position and locality—Cretaceous strata of the Fox Hills Group; near 
the confluence of the Saint Vrains with the South Platte, Northern Colo- 
rado, where it was collected by Mr. J. C. Hersey, in whose honor the 
specific name is given. Specimens of this species have also been sent 
to the office of the Survey by Mr. L. C. Woster, from strata of the same 
horizon 10 miles west of Greeley, Colo. The Survey is indebted to both 
these gentlemen for the privilege of examining important and interesting 
collections of fossils. 


Genus GLYCIMERIS Lamarck. 


GLYCIMERIS BERTHOUDI (sp. nov.). 
' Plate 6, figs. 1a and b. 


Shell irregularly oblong in marginal outline, moderately gibbous, 
widely gaping behind; dorsal margin nearly straight, or rising a little 
backward from the beaks, making it slightly concave; base straight or 
slightly emarginate, and subparallel with the dorsal margin; posterior 
margin long, obliquely truncating posterior end downward and forward, 
the basal and posterior margins forming almost a true obtuse angle with 
each other; posterior margin abruptly rounded to the dorsal margin ; 
front regularly rounded, the rounding being a little more abrupt to the 
dorsal than to the basal margin; beaks placed a little in advance of the 
middle, comparatively small, elevated above the hinge-line, and incurved, 


*TIn a subsequent publication, Mr. Meek (Annual Report U.S. Geol. Sur. for 1872, p. 
493) expresses the opinion that this species belongs to the genus Trapezium, and not 
Pachymya. Ihave not so referred the species here described, although it is possibly 
congeneric with that of Mr. Meek, because, while I have doubts as to its being a true 
Pachymya, I have likewise doubts as to the propriety of referring it to Trapezium, at 
least before its hinge shall be fully known. 
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but not turned forward; a distinct sulcus radiates from just behind each 
of the beaks toward the postero-dorsal margin, but becomes obsolete 
before reaching it. These sulci give the back of the shell a hollowed ap- | 
pearance behind the beaks. Another linear depression, but a faintly 
defined one, extends from the posterior side of the beak to the obtuse 
postero- basal angle of the shell, its position being immediately behind 
that of an umbonal ridge, if one ’ existed. 

Surface marked by the usual lines of growth and also by strong con- 
centric wrinkles, which latter are a little stronger in front of than behind 
the faintly defined umbonal depression before mentioned. 

Length, 85 millimeters; height from base to beaks, 53 milliraoionss 
thickness, about 34 millimeters. 

The hin ge of this species has not been seen, but the external char- 
acteristics ‘of the shell are so in keeping with those of the typical forms 
of Glycimeris as to leave no doubt that it is- properly referable to that 
genus. Indeed, it bears considerable resemblance to Ilya glycimeris, 
Lamarck’s type of the genus; but it differs from that species in the 
greater proportionate height of the shell behind the beaks, the great 
length of the posterior border and its downward and forward truncation 
of the shell, the angular character of the postero-ventral border, We. 
Our type-specimen is very like one in the cabinet of the Smithsonian 
Institution labeled “From near Marlboro, N. J.,” and which probably 
belongs to the Panopea decisa of Conrad; but "the hinge-line of our 


_ species is straighter, and both the antero ‘and postero- dorsal portions 


are more elevated and more compressed. The only other American 
species with which it need be compared is G. occidentalis Meek & 
Hayden, vol. ix (4to series), U. 8. Geol. Surv. Terr., p. 250, pl. 39, figs. 9 a 
and b; but it differs from that species in the peculiar posterior trunea- 
tion before mentioned, the greater proportionate length of the hinge- 
margin, and the greater prominence and elevation of the antero-dorsal, 
as well as of the postero-dorsal portion. The specific name is given 
in honor of Capt. E. L. Berthoud, of Golden City, Colo., to whom the 
Survey is indebted for interesting fossils and many accurate observa- 
tions, the result of his large experience in the Rocky Mountain region. 
Position and locality.—Strata apparently equivalent with Cretaceous 
No. 3, or Fort Pierre Group of the Upper Missouri section; about 15 
miles west of Greeley and about 6 miles south of Fort Collins, Colo. 


Genus PARAPHOLAS Conrad. 
PARAPHOLAS SPHENOIDEUS White. 


Plate 5, figs. 1 a, b, c, and d. 


Turnus sphenoideus WHITE, 1876, Powell’s Rep. Geol. Uinta Mts., p. 117. 


Shell elongate, cuneate, inflated in front, narrowed and laterally com- 
pressed behind; beaks anterior, incurved, adjacent; dorsal margins of 
the valves straight and sloping from the beaks to the posterior end, 
capped or connected by a slender, styliform, plain, accessory plate; 
posterior extremity small, truncated, or narrowly rounded; basal mar- 
gins nearly straight, connected by a ventral accessory plate similar to 
the dorsal one, except that it is shorter, broadest behind, but coming to a 
slender point. in front about midlength of the shell lon oitudinally, 
divided by a linear groove; front regularly rounded, both vertically and 
laterally ; anterior gape consisting of a narrow, vertical slit, which oceu- 
pies the middle of a somewhat prominent projection at the ’antero- basal 
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portion of the shell, which projection has the shape of a Norman shield, 
as seen by front view when both valves are in their natural position, 
and which seems to have been occupied by a much wider gape im the 
younger than in the adult condition of the shell; both umbonal grooves 
distinct, both upon the outer surface and upon that of the stony cast; 
anterior groove broader and deeper than the other, but both are slender; 
besides the two umbonal grooves there is another somewhat broader 
groove or furrow, extending with a broad, downward curve from the 
posterior side of the beak to the posterior end of the shell. This groove, 
like the other, is distinctly traceable upon the outer surface, but is more 
distinctly seen upon the stony cast. 

A broad, subcireular, cake-like umbonal accessory valve covers the beaks 
and the space between them, the valve being divided by a suture into two 
nearly semicircular pieces, so neatly that it is hardly perceptible until 
the valves are slightly displaced. The margins of the principal valves 
between the beaks and the Norman shield-shaped projection are narrowly 
but abruptly everted, which, with the beaks above and the borders of 
the projection below, bound a distinctly hollowed space on each side and 
below each beak. Besides the grooves before mentioned, the surface is 
marked by fine concentric, distinctly raised lines on each side of the shell, 
but they are less distinct upon the surface of the Norman shield-shaped 
projection thanelsewhere. ‘Between the postericr groove or furrow before 
mentioned as ending at the posterior margin of the shell and the dorsal 
margin, the surface is occupied by strong, irregular scales and lamin 
that were successively left as the shell increased in size. 

Length, 13 millimeters; greatest height, 7 millimeters; breadth at 
front, 6 millimeters. 

Since publishing the original description of this species (loc. cit.), I have 
had opportunity to examine additional examples, which show its charac- 
teristics more completely than they were known before.’ This is shown 
in the modified description of the species and the reference of it to Para- 
pholas Conrad, instead of to Twrnus Gabb, as was done before. Although 
its outward form is quite different from that of the typical species of Tur- 
nus, I then believed the posterior umbonal groove, which I saw only in 
the stony cast, to represent an internal rib, and not a groove in the 
test. Mr. Gabb also mentioned the discovery of fragments of tubes as- 
sociated with his examples of Turnus, which led hin to believe pertained 
to those shells, thus relating them to Teredo on the one hand, while other 
characters connected them tothe Pholodide. Lhadalso detected fragments 
of tubes associated in the same mass of rock with this species, but later 
examination leads me to believe that they belong to a true Teredo, al- 
though the valvular portions have not been discovered. These tube-like 


_ specimens, together with the shells here described, were contained in 


small, irregular, nodular, impure lime-carbonate masses, of three or four 
inches in diameter, the somewhat distorted tubes traversing them irreg- 
ularly; but most of the specimens here described were found with their 
anterior ends all pointing toward the center of the nodules, with their 
posterior ends pointing outwards, and placed near the outer surface 
of the nodule. The nodules were found to contain afew fragments of 
unmistakable fossil wood. It is probable that this wood was bored by 
both the Yeredo and the Parapholas, and as that decayed, the shells formed 
a nucleus around which the lime-carbonate formed the nodular masses in 
the shale in which they were discovered. 

I am not fully satisfied now that this species really belongs to Parapho- 
las Conrad, or to any other published genus; but I refer it to Parapholas 
mainly because Stoliczska has adopted that name for some Cretaceous 
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shells of Southern India which are evidently congeneric with this species. 
Apparently entertaining similar doubts, Mr. Whiteaves referred with 
doubt a shell that is probably congeneric with ours to Martesia (Marte- 
sia ? carinifera, Geol. Surv. Canada, Mes. Foss. part 1, p. 54, pl. ix, fig. 7.). 

Parapholas mersa Stoliczska, from Cretaceous strata of Southern In- 
dia, possesses all the generic characteristics of this shell (Paleonto- 
Jogia Indica, vol. iii, p. 24, pl. ii, fig. 7). It differs from this species too 
obviously to need minute comparison, but it may be mentioned that 
our shell is much more slender, its umbonal grooves more oblique, its 
front not so much impressed, and its basal accessory valve is shorter 
and sharply pointed in front mstead of behind. Mr. Whiteaves was not 
able to learn anything concerning the accessory valves of his species. 
The presence of two umbonal grooves, together with its elongate form, 
would seem to indicate generic relation with our shell. In its specific 
characters it differs widely from all known species, except, perhaps, Mar- 
tesia cuneata Meek & Hayden. Some examples apparently of this species, 
‘collected in the valley of the Yellowstone River by Mr. J. A. Allen, indi- 
cate that the full adult forms are a little more elongate than the type-speci- 
mens of that species, and in that respect, as well as in many details, they 
closely resemble our species. They have, however, only one umbonal 
groove. Another feature of close resemblance between that species and 
ours is the almost exact identity in shape, size, and position of the umbo- 
nal plate, and its division by a linear longitudinal suture in both species. 
It thus seems that the division of the umbonal plate is not a generic 
character, but I can hardly agree with Dr. Stoliczska that the shells 
having two umbonal grooves are not generically distinet from those with 
one. 

Position and locality —Cretaceous strata, probably of the age of the 
Colorado Group; Upper Kanab, Southern Utah, where it was collected 
by Maj. J. W. Powell. 


GASTEROPODA. 
Genus PALIURUS Gabb. 
-PALIURUS PENTANGULATUS (Sp. nOV.). 
Plate 4, figs. 4 a and b. 


Shell slender, somewhat strongly bent, very gradually tapering from 
the proximal to the distal end; longitudinal angles or carinz five, prom- 
inent, subangular; intervening grooves broadly concave; internal cay- 
ity moderately large, circular in cross-section. 

Full length unknown; the only example collected, which is appar- 
ently nearly full-length, 17 millimeters; diameter at the proximal end 
of the specimen 2 millimeters, at the distal end 11 millimeters. 

This shell has much the aspect of a portion of the stem of a Penta- 
erinus, especially as to its pentangular cross-section, but it is destitute 
of the jointed structure of those bodies, and the circular internal cavity 
shows plainly its testaceous character. It seems evidently to belong to 
the same group to which Mr. Gabb gave the name Paliurus, although it 
is marked by five instead of by only three carine, as in the typical 
species. . ae 

IT am much more inclined to think these shells are related to Dentaliwm 
than to the Annelida, to which Mr. Gabb referred the typical species. 
Therefore they are so classified in this paper. ican 
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Position and locality —Strata of Cretaceous age, probably of the Fox 
Hills Group; Monument Creek, near Colorado Springs, where it was col- 
lected by Mr. W. H. Holmes. 


Genus ANISOMYON Meek & Hayden. 
ANISOMYON CENTRALE Meek. 
Plate 9, figs. 1 a, b, ¢, and d. 


Anisomyon centrale MEEK, 1872, An. Rep. U. 8. Geol. Surv. Terr. for 1870, p. 312. 
Anisomyon ere am 1876, U. S. Expl. and Surv. West 100th Merid., p. 194, pl. 
xviul, f. 8. 

‘Shell depressed conical, somewhat wider than high ; apex central, or 
very nearly so; slopes nearly equal all around, or with sometimes the 
anterior and sometimes the posterior side a little convex, and the others 
more nearly straight; aperture circular; surface apparently smooth, 
excepting obscure lines of growth, crossed by several irregular, diverg- 
ing, obscure, radiating ridges, and more strongly defined furrows; the’ 
former being mainly on the posterior and the latter on the interior 
[anterior?] and lateral slopes. 

“ Breadth of largest specimen seen, 1.16 inches; height, about 0.95 
inch. 

“IT have seen only two specimens of this species, and these are 
internal casts, with merely some fragments of the very thin shell remain- 
ing, while the extreme apex of both is broken away. The radiating fur- 
rows are rather distinctly defined on the anterior slope of the internal 
cast, while one (not apparently the middle one) is narrower and dis- 
tinctly deeper than the others on each side of it, which latter are about 
twice as wide, shallow, and often somewhat divided by a small ridge 
down the center of each. On the posterior slope, one of the ridges is 
more strongly defined than the others, especially near the apex, and 
seems to correspond to the deeper furrows of the anterior slope, though 
not exactly opposite to it. The broken apex in one of the specimens 
looks as if it might have been curved a little backward, though in the 
other it evidently curved forward at the point, if I have rightly de- 
termined the relative sides. One of the specimens shows obscure traces 
of the oval muscular scar on each side, and these are connected across 
the side I regard as the anterior by a slender line, but the specimen 
being a little worn on the opposite or posterior side, I have been unable 
to make out the broader interrupted band that ought to pass around the 
posterior side if the species really belongs to this. genus. 

“This species will be readily distinguished from all of the others yet 
known from the far Western Cretaceous rocks by its conical form and 
elevated apex. 

* Locality and position—Box Elder and Colorado City, Colo.; Fox 
Hills Group of the Upper Missouri Cretaceous series.” — 

The illustrations of this species on plate 9 were prepared by Mr. Meek 
a Short time before his death. The specimens were collected by Mr. W. 
H. Holmes, and other specimens of the species have been discovered on 
Gallinas Creek, New Mexico, by Professor Cope, and published by the 
writer (loc. cit.). These are merely casts in indurated clay, and do not 
therefore correctly represent the natural proportions of the shell, because 
their height had been much reduced by vertical pressure. Still later, 
a few others were discovered by the writer west of the Rocky Mountains 
in Northwestern Colorado. 
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This species seems to be at least as distinct from any of other pub- 
lished forms as they are from each other, but specific variation in this 
genus is evidently very great. Indeed, I think one cannot examine the 
original types of the published species and the collections subsequently 
made, together with the original descriptions and illustrations given by 
Mr. Meek in the publications of the United States Geological Survey of 
the Territories, without entertaining serious doubts whether more than 
two or three out of the seven published species of this genus from the 
Cretaceous strata of the United States are well founded. It is also a 
fact worthy of note in this connection that all the American species 
Se published are from the same or nearly the same stratigraphical 

orizon. : 


Genus ACTAZON Montfort. 
ACTON WOOSTERI (sp. nov). 


Plate 7, figs. 9 a, b, and ¢. 


Shell small, narrowly subovate; spire acute, moderately produced, but 
forming only about one- quarter of the len gth of the Shell; sides of the spire 
little if any convex; spiral angle about “50°; ; volutions five or Six, mod- 
erately convex, the last one not disproportionately inflated; suture dis- 
tinct, the distal side of the volutions bending more abruptly into it than 
the proximal side; aperture narrow, distal end acutely angular, proximal 
end rounded and slightly subangular at the end of the columella; outer 
lip thin; inner lip a little thickened, especially along the proximal half 
of its length, upon which is apparently the moderately raised fold which 
characterizes the genus, but the condition of the only examples discov- 
ered do not show this feature clearly. Surface marked by numerous 
fine revolving lines, each alternate one being generally a little stronger 
than the other, but they are apparently otherwise of uniform size upon 
all portions of the surface. The examples are not in a condition to show 
whether these lines are punctate or not, but they probably were, as is" 
usual in species of this genus. 

Length, 13 millimeters ; diameter, 6 millimeters; length of aperture, 
13 millimeters. 

The only two examples of this species discovered were in the form of 

casts of the interior and partial molds of the exterior. The shells also 
are a little narrower than typical forms of Actwon, but the observable 
characters leave little doubt that the species is properly referable to that 
genus. It differs from A. attenuatus Meek & Hayden, from the Upper 
Missouri River country, in its much shorter spire, the lesser flattening 
of the sides of its volutions, especially the body One; and in the propor- 
tionally longer aperture. From Solidula [Actwon?] riddelli Shumard, 
from Texas (Proe. Bost. Soc. Nat. Hist., vol. viii, p. 194), it differs in the 
greater convexity of the spiral angle and in the much coarser and smaller 
number of revolving striz. The specific name is given in honor of Mr. 
L. C. Wooster, to whom the Survey is indebted for the opportunity to 
examine interesting collections of fossils from Colorado, among which 
were fragments of this species. 

Position and locality—F ox Hills Group, Cretaceous; near the conflu- - 
ence of the Saint Vrains and South Platte Rivers, Northern Colorado, 
and also from the Rio San Juan, Southwestern Colorado, Collected by 
Mr. W. H. Holmes, artist and geologist of the Survey. 
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Genus ACTZZONINA WOrbigny. 
ACTZONINA PROSOCHEILA (sp. nOv.). 
Plate 7, figs. 10 a and b. 


Shell small, much involute, narrow, subterete, widest in front of the 
middle; spire very small and short; volutions four or five, flattened on 
the sides, which flattening is especially observable upon the last volu- 
tion, the greater part of each of the others being successively covered 
by partial involution; suture distinct, not impressed upon its distal side, 
but the distal side of the volutions bend abruptly into the suture, giving 
that side of the volutions ashouldered appearance; aperture moderately 


‘large; distal portion very narrow; proximal portion moderately ex- 


panded, and its margin rounded from the outer border to the end of the 
columella, with which it forms an obtuse subangle; outer lip thin; inner 
lip flexous, somewhat thickened, especially along its proximal portion, 
where the flexure occurs. 

The only example discovered is a cast from which the test has been 
almost wholly removed, but there are upon it indications that revolving 
lines thickly covered the whole surface. They are apparently somewhat 
coarser than those of the preceding species, Actwon woosteri, but noth- 
ing further concerning their character can be ascertained. 

Length, 44 millimeters; breadth at widest part, 6} millimeters; length 
of aperture, 103 millimeters; length of spire beyond the distal end of the 
aperture, nearly 4 millimeters. 

This species seems to be a true Acteonina. In general aspect and 
surface-marking it resembles Acton attenuata Meek & Hayden, which, 
as suggested by Mr. Meek, may be an Actwonina, but it differs conspic- 
uously in its much shorter spire and more slender general form. 

Position and locality —Fox Hills Group; at the confluence of the Saint. 
Vrains and South Platte Rivers, Northern Colorado, where it was dis- 
covered by Mr. W. H. Holmes, artist and geologist of the Survey. 


Genus TURBONILLA Risso. 
TURBONILLA (CHEMNITZIA) COALVILLENSIS Meek. 


Plate 9, figs. 5 a and b. 


Turbinella (Chemnitzia?) coalvillensis MEEK, 1873, An. Rep. Geol. Surv. Terr. U. S. for 
1872, p. 505. 


This species, together with some others, are included in this paper 
mainly for the purpose of publishing the illustrations of them which were: 
prepared by Mr. Meek a short time before his death, and which he had 
no opportunity to publish. In most cases, little or no additional infor- 
mation concerning these species has been obtained, and therefore his. 
descriptions and remarks alone are given as he originally wrote them. 

_“ Shell elongate-conical; volutions ten or eleven, moderately convex , 
last one not much produced below, rounded or sometimes obscurely 
subangular around the middle; suture well defined; aperture rhombic- 
suboval, being angular above and apparently a little so below; inner 
lip slightly thickened, rather deeply arched, a little reflected and closely 
appressed below; outer lip thin, Surface ornamented by rather strong, 
simple, regular, nearly or quite straight, vertical ridges, crossed by regu- 


_ larly disposed revolving lines (about ten or eleven of the ridges and five 
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or.six of the revolving lines being seen on each volution of the spire) ; 
while only the revolving lines are continued below the middle of the 
body-volution. | 

“Length of a large specimen, 1 inch; breadth, 0.40 inch; angle of 
spire, from 20° to 25°. 

“¢ None of the specimens of this species yet seen are quite perfectly 
preserved at the base of the aperture. Some of them look as if there 
had been a slight angularity there, while others, differing in no other re-. 
spect, present appearances that leave room for doubt on this point. In 
some of its characters, this shell reminds one of the fresh-water Gonio- 
basis, to which I was at one time much inclined to refer it, and lam 
hardly quite sure that it may not have to take the name Goniobasis coal- 
villensis. Many authors refer very similar shells to Chemnitzia, but it 
has not so large and produced a body-volution and aperture as the forms 
to which Mr. Conrad and Dr. Stoliezska proposed to apply that name._ 
If foundiin any of the Paleozoic rocks, most geologists would refer it to” 
Loxonema of Phillips. Whether or not the nucleus or apex of its spire 
was covered, as in the typical species of Turbonilla, I have been unable 
to determine. It is a far larger shell, however, than the species upon 
which that genus was founded. 

‘¢ Specifically, this species seems to be related to Turbonilla spillmani 
Conrad (Journ. Acad. N. S., vol. iv, new series, pl. 46, fig. 28), but its 
vertical folds or coste are straighter, less crowded and less numerous, 
while its revolving lines are smaller and more numerous. Its aperture 
also certainly differs in being decidedly more angular above, and prob- 


ably somewhat so below. It may likewise be compared with Sealaria 
‘mathewsonit Gabb, from Cretaceous rocks of California, from which it 
‘differs in having less convex volutions, or less rounded aperture, less 
crowded vertical ridges, and more distinct and coarse revolving lines. 


““ Locality and position.—Coalville, Utah ; from below the lowest heavy 
bed of coal at that locality. Cretaceous.” 


Genus PHYSA Draparnaud. 
PHYSA CARLETONI Meek.. 


Plate 7, fig. 12 a. 


IPhysa carletonti MEEK, 1873, An. Rep. U. 8. Geol. Surv. Terr. for 1872, p. 508. 


No other example of this species, besides the single type-specimen 
discovered by Mr. Meek, has ever been obtained. The following is his 
description, and the figure on plate 7 was drawn from the type-specimen: 

“Shell rhombic-subovate, attaining a medium size; very thin; spire 
short and small; volutions about three, last one very large, or forming: 
near nine-tenths the entire bulk of the shell; aperture unknown; surface 
showing rather obscure lines of growth. : 

‘““Length, 0.56 inch; breadth, 0.35 inch. 

“The only specimen of this species I have seen is somewhat imperfect, . 
and so connected with a portion of the arenaceous matrix that its aper- 
ture and columella eannot be seen. It seems to have most nearly resem=. 
bled such recentgspecies as P. lordi Baird in general form. I should 
not have attempted to name and characterize the species without seeing 
the columella and aperture, had it not seemed desirable to call attention 
to it as the first: species of the genus hitherto found in the well-marked 
Cretaceous strata of this country. 

“Locality and position.—Carleton’s .coal-mine, near Coalville, Utah, in 
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a Cretaceous bed, associated with Unio, Cardiwm, Inoceramus, Anomia, 
Neritina, and other marine and fresh-water shells.” 

Although this interesting locality has been twice visited by myself 
since Mr. Meek made his collections there, it was found impracticable to 
make any further collections on account of the discontinuance of mining 
operations there and the consequent falling-in of the excavated strata. 
Mr. Meek found them to contain a remarkable assemblage of marine, 
brackish-water, and fresh-water forms belonging to the following genera: 
Inoceramus, Unio, Cardium, Cyrena, Anomia, Physa, Valwata, Neritina, 
Melampus, Eulima [Eulimetla?], and Turritella. A remarkable feature 
in this assemblage of fossils is the modern type of the fresh- and brackish- 
water forms, especially of the Pulmonate Gasteropoda, although they are 
certainly of Cretaceous age, and probably not much above the middle 
of the full Cretaceous series as developed in Western North America. 
The marine character of the Cretaceous strata above these fresh- and 
brackish-water forms is as well marked as that of those below them. 
The following are remarks by Mr. Meek (lve. cit. p. 445) in relation to 
the geological position and affinities of these interesting fossils, the 
remainder of which it is hoped will be illustrated in a subsequent paper: 

“Here we have from beds certainly overlaid by more than 1,000 feet 
of strata, containing Cretaceous types of fossils, a little group of forms 
presenting such modern affinities that, if placed before any paleontolo- 
gist unacquainted with the facts, they would be at once referred to the 
Tertiary. Such examples as this illustrate the difficulties with which 
the paleontologist sometimes has to contend, and show how very cautious 
we should be in deciding from the affinities of new species of fresh- and 
brackish-water types of shells (the vertical range of which is unknown) 
the geological age of the rocks in which they are found; because species 
of this kind, from rocks of various ages, often closely resemble each 
other, while they rarely present such well-marked distinctive features as 
we see in marine shells from different horizons. Some of the species of 
Physa, Cyrena, Neritina, &c., for instance, from the clays under consid- 
eration, closely resemble existing species, while one or two of Melampus 
present but very slight differences from Paris Basin Tertiary species 
figured by Deshayes under the name Avwricula. 

‘“‘T¢ would appear that the indurated clay containing these mixed types 
of shells must have been deposited, in the form of fine mud, in an estuary, 
or possibly a larger body of salt water, into which the fresh-water shells 
were swept by streams flowing in from adjacent land.” 

This species, Physa carletoni Meek, is so nearly synonymous with 
Physa carlton Lea as to deserve notice. The former was published 
(loc. cit.) in 1873, and the latter originally in Proc. Acad. Nat. Sci. 
Phila. p. 125, 1869, and subsequently in Lea’s “Observations on the 
Genus Unio,” vol. xiii, p. 67, pl. 21, fig. 19. The difference of the presence 
of the letter “e” in the former case is held to be sufficient to destroy its 
synonymy with the latter; besides which the two species are clearly dis- 
tinct, and the names were given in honor, respectively, of two different 

persons. 


PHysA ——?: 
Plate 7, fig. 13 a. 


From a stratum about 800 feet below that from which the foregoing 
Species of Physa was collected by Mr. Meek, and at a locality about two 
miles distant, I discovered the example represented on plate 7, fig. 13 a. 
It is an imperfect cast in sandstone, and was found associated with forms 
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that are regarded as exclusively marine. It appears to be of the same 
general type as Physa carletont Meek, just described, and may be specific- 
ally identical, but it is too imperfect to determine that point satisfac- 
torily. . Its chief value lies in the proof it affords of the contemporaneous 
near proximity of land, with its fresh waters containing a molluscan 
fauna; and in connection with other facts just recorded, it shows a long 
continuation of the existence of a shore-line there. 

The locality from which this example was obtained is from the mae 
ridge just northeastward from Coalville, Utah. 


Genus NERITINA Lamarck. 
NERITINA PISUM Meek. 
Plate 7, figs. 11 a, 6, and ¢. 


Neritina (Neritella) pisum Murex, 1873, An. Rep. U. S. Geol. Surv. Terr. for 1872, p- 500. 


The following is Mr, Meek’s original description of this species (loc. 
cit.), which is copied here, since no additional facts have been obtained 
concerning its characteristics and affinities : 

‘‘ Shell globose; spire much depressed ; volutions about three, increas- 
ing in size, so that the last or body turn (which is a little depressed 
above) composes nearly the entire shell; inner lip broad, flattened, and. 
smooth; aperture small and semicircular; surface nearly or quite smooth. 

“ Height, 0.22 inch ; breadth, 0.26 inch. 

oe Locality and position. — Coalville, Utah. Cretaceous; from belowthe . 
lower bed of coal.” 

It is associated with Neritina pisiformis Meek, N. (Velatella) patelli- 
formis Meek (also var. weberensis White), Turbonilla (Chemnitzeia) coal- 
villensis Meek, Turritella coalvillensis Meek, and Huspira coalvillensis 
White. The strata containing these species appear to be from near the 
top of the Colorado Group, or near the base of the Fox Hills Group. 
This question cannot be decided satisfactorily, from the fact that the 
numerous species from all the strata of that interesting locality are 
mostly unique, and the lithological characteristics are such as to give 
little aid in the determination of the boundaries of the groups there rep- 
resented. 

NERITINA INCOMPTA (Sp. NOV.). 


Plate 7, figs. 6 a, b, and e. 
Neritina bannisteri (MEEK) White, 1876, Powell’s Rep. Geol. Uinta Mts. p. 98. 


Shell transversely elongate when adult; spire depressed, abruptly . 
convex, small, but rising perceptibly above the body-volution ; volu- 
tions three and a half or four, increasing rapidly in size, the last one 
comprising much the greater part of the shell, regularly convex or with 
a faint appearance of flattening upon the distal side of the last one; 
suture moderately distinct ; aperture: rather large, its outer border regu- 
larly rounded, proximal and distal margins slightly convex and subpar- 
allel; outer lip thin-edged ; inner lip moderately long, plain, slightly 
concave upon its face, not very broad, sloping inward. Surface marked 
by ordinary lines of growth. 

Length, in direction of the axis, 12 millimeters; breadth across the 
aperture and body-volution, 17 millimeters. 

This species resembles NV. bannisteri Meek from the. brackish-water 
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layers of the same formation at Coalville, Utah; but it differs in the 
greater, although slight, elevation of the apex, the nearly straight, 
instead of curved, border of the inner lip, and its non-polished surface. 
Position and locality—Cretaceous strata, Fox Hills Group; valley of 
Sulphur Creek, near Hilliard Station, Union Pacific Railroad, Wyoming. 


NERITINA (VELATELLA) PATELLIFORMIS Meek. 
Plate 7, figs. 7 a, b, c, and d. 


Neritina (Dostia?) patelliformis MEEK, 1873, An. Rep. U. 8. Geol. Surv. Terr. for 1872, 
p. 498. 


“ Shell small, thick, oval or subelliptic ; nucleus nearly posterior and 
generally more or less elevated above the posterior margin, but always 
lower than the middle portion of the dorsal region in front of it, directed 
obliquely backward, and in well-preserved specimens minutely subspiral 
at the immediate, more or less oblique apex; inner lip very broad, or 
having the form of a thick, smooth, convex septum that extends forward 
more than half the length of the shell; outer lip thickened, obtuse and 
smooth within; open part of the aperture small and transversely semi- 
circular. Surface with moderately distinct lines of growth. 

‘Length of one of the largest specimens found, 0.62 inch; breadth, 
0.50 inch; height or convexity, 0.33 inch.” 

This species belongs to an interesting group of Neritoid shells, for 
which Mr. Meek proposed or rather suggested the naine Velatella (loc. 
cit. p. 499). It seems to be a well-defined group, as indicated by the 
external features common to its species; and also by the internal char- 
acteristics as described by me in Wheeler’s Expl. and Surv. West of the 
100th Merid. vol. iv, pt. 1, p. 189, discovered in a species then supposed 
to be identical with NV. (V.) carditoides Meek, but which, from later com- 
parisons, seems to belong to the following variety or perhaps to a dis- 
tinct species. “~ . 

At present there are four or five species of this group known, all but 
one of which occur in the Fox Hills Group, and the other at or near 
the summit of the Laramie Group. The species appear to have been in 
part of marine and part of brackish-water habitat. So far as I am 
aware, no other species of this type besides those here mentioned have 
ever been discovered; consequently no other comparisons need be made. 

The typical forms of the species here described seem to be quite dis- 
tinct from any of the other known species of the group, but by the fol- 
lowing associated variety it appears to be connected with N. ( V.) carditoides 
Meek, from the brackish-water Cretaceous layers, some 800 feet above . 
the position of these, and at a locality some two miles distant. 

“* Locality and position —Coalville, Utah, from the Cretaceous beneath 
the lower heavy bed of coal mined at that place.” 


NERITINA (VELATELLA) PATELLIFORMIS var. WEBERENSIS. 
Plate 7, figs. 8 a and b. 


Shell small, depressed, almost regularly elliptical in outline, nearly 
regularly convex above, and nearly flat or longitudinally slightly con- 
cave beneath ; beak very small, apparently making about one volution, 
turned a little to the dextral side of the shell, resting upon the thick- 
ened posterior margin, but not projecting beyond it, the posterior mar- 
gin being slightly reflexed so as to obscure the incurved apex; inner 
lip broad, smooth, flat, or concave longitudinally, and slightly convex 
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laterally, apparently occupying more than half the under surface of the 
Shell; outer lip moderately thin, smooth, or at least not crenulate. Sur- 
face marked by ordinary lines and undulations of growth, and upon the » 
middle portion of the anterior half by five or six narrow, slightly raised, 
obscure, radiating ribs, with spaces between them a little wider than 
the ribs. In some cases there are also other obscure radiating lines 
upon the anterior flanks of the shell. 

Length, 11 millimeters; breadth, 8 millimeters; height, 5 millimeters. 
Some examples i in the collection are larger, but none of them quite equal 
in size the larger examples of the typical forms of the species. 

This variety, although perhaps connecting the typical forms with WN. 
(V.) carditoides Meek, differs from it in the number and character of its 
cost, the proportions of the shell, and its smaller size. At one time I 
thought, as did also Mr. Meek, that this variety might prove to be 
specifically distinct from the ty pical forms of N. (V.) patelliformis, but 
study of collections since made at the typical locality shows that inter- 
mediate forms exist, associated with this variety and the typical forms 
in the same layer. 

“« Position and locality.—Cretaceous strata, equivalent with the upper 
Dent of the Colorado Group or base of the Fox Hills Group, Coalville, 

ta, 


Genus EUSPIRA Agassiz. 
EUSPIRA COALVILLENSIS White. 
Plate 4, figs. 2 a and b. 


Lanana coalvillensis WHITE, 1876, Powell’s Rep. Geol. Uinta Mts. p. 122. 


Shell subglobose; spire small, conical, acute, but not much extended; 
volutions about eight when the apex is entire, last one inflated, and, when 
adult, extended a little in front, and also posteriorly, near the border of 
the aperture ; aperture obliquely ovate-semilunar, somewhat abruptly 
rounded anteriorly : ; callus of the inner lip apparently not much thickened, - 
but thicker anteriorly than posteriorly; columella rimate or almost solid 
and nearly covered by the callus of the inner lip, which seems not to be 
so closely appressed against it as it is against the body-volution farther 
back. Surface marked by the ordinary lines of growth. The figures on 
plate 4 are restorations of this species, all the numerous examples in the 
collections being crushed, except one or two sandstone casts. The ex- 
amples being somewhat numer ous afford a view of all the features shown 
by the figures. 

Length, from the apex to the anterior end of the aperture, about 4 cen- 
timeters; breadth, across the aperture and body-volution, about 34 cen- 
timeters. 

In general aspect this species closely resembles H. rotundata Sowerby 
sp., as figured and described by Stoliczska (Paleontologia Indica, vol. 
II, p. 303, pl. xxi, figs. 9 and 9a), but it differs in its somewhat more 
acute spire and more elongate aperture ; and in some of our examples 
there is an extension of the apex of the spire similar to that shown by 
Stoliezska (loc. cit. figs. 7 and 8), in H. pagoda Forbes. Perhaps no 
generic distinction should be made between those Cretaceous forms which 
are usually referred to Lunatia and those which have been. referred to 
Huspira; but for the present I prefer to retain the latter name for those 
forms which have a small prominent spire and less compact form than 
chose shells have which are regarded as typical of Lunatia. 

Position and locality.—Cretaceous strata, upper portion of the Colo- 
rado Group, or base of the Fox Hills Group; Coalville, Utah. 
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Genus ANCHURA Conrad. 
ANCHURA HAYDENI (sp. nov.). 
-Plate 7, fig. 1a. 


- Shell large; body, exclusive of the wing and including the beak, sub- 
fusiform; spire elongate, about equal in length to the body-volution and 
the beak together; volutions ten or twelve, moderately convex; those 
of the spire marked by longitudinal nodes, which d#:appear before reach- 
ing the suture at either side of the volution, but they approach more 
nearly to that of the proximal side; suture linear or faintly impressed; 
surface of the volutions ofthe spire marked by from five to seven strong 
revolving raised lines, which are of about equal strength upon and 
between the longitudinal nodes; numerous minute revolving raised lines 
also cover the surface between the stronger ones just mentioned, and 
these are crossed by numerous fine, sharply raised lines of growth, giv- 
ing the well-preserved surface of the shell a finely cancellated appear- 
ance under the lens. Upon the body-volution, the longitudinal nodes 
gradually disappear and are replaced by a median row of smaller nodes, 
continuous with the former, and also with the strong plain carina which 
extends out upon the wing to its posterior extremity, and lies near to and 
nearly parallel with the posterior border of the wing. The stronger re- 
volving lines of the spire become still stronger with the increase in size of 
the volutions, but they disappear upon reaching the wing. Four or five of 
those immediately in front of the median convexity of the body-volutions 
are especially strong, and become sharply raised ridges with channels of 
about equal width between them; in front of these is a series of smaller 
ones, the representatives of which are covered by the successive turns of 
the spire, and which terminate upon and at the base of the beak. Beak 
long, slender, straight, pointed. Wing large, projecting much beyond 
the aperture, constricted in the middle of its transverse portion, but 
expanding again beyond; the posterior part much extended and termi- 
nating in a long, somewhat strong, pointed process, which is angular 
along its back; the anterior portion of the outer part of the wing is 
prominent, projecting forward and abruptly rounded; posterior border 
deeply concave; exterior border nearly or quite straight; anterior border 
having a general concavity, but.a sinuous outline. Outer surface of the 
wing more or less strongly wrinkled in the direction of the lines of 
growth. The direction of these wrinkles and of the lines of growth indi- 
cates that before the wing was fully formed the antero-exterior portion 
of the wing was less prominent than when adult. Inner lip apparently 
without a callus. 

Length, from the point of the beak to the apex of the spire, upward 
of 10 centimeters; length of beak, 24 centimeters; breadth of body-vo- 
lution, including the wing, 64 centimeters ; diameter of body-volution, ex- 
clusive of the wing, 28 millimeters. 

The characteristics of this species do not strictly correspond with the 
requirements of either the typical forms of Anchwra Conrad or the sub- 
genus Drepanocheilus Meek. From the former it differs in not having an 
anterior as well as a posterior pointed process to the wing, unless the. 
blunt projection of that portion of the wing of this species may be re-. 
garded. as a sufficient generic equivalent. From the latter it differs in 
having the long beak, which is characteristic of the typical forms of" 
Anchura. This is much the largest species of Anchwra known to me, and. 
it differs too widely from any described form to need comparison. The 


B12 REPORT UNITED STATES GEOLOGICAL SURVEY. 


spire of nearly all the examples discovered were encrusted with a 
slightly compacted calcareous layer, which at first suggested the idea 
that it might be the remains of a callus such as covers the spire in Lis- 
podesthes White and Calyptraphorus Conrad, but in this case it is probably 
a Nullipora. The specific name is given in honor of Dr. F. V. Hayden, 
the director of the Survey. 

Position and locality.—Strata probably equivalent with the Fort Pierre 
Group, Cretaceous No. 4, of the Upper Missouri section; 15 miles west 
of Greeley, Colo., and about 6 miles south of Fort Collins. 


ANCHURA (DREPANOCHEILUS) RUIDA White. 


Plate 7, figs. 4 a and 0b. 


Anchura ruida WHITE, 1876, Powell’s Rep. Geol. Uinta Mts. p. 120. 


Shell rather small; spire moderately elongate; volutions about seven, 
convex; suture impressed; wing moderately large, contorted, bearing at 
its extero-posterior corner a strong falciform process, the direction of 
which is nearly parallel with the axis of the shell; the outer border of 
this process is slightly convex and continuous with the outer border of 
the body of the wing; the extero-anterior border of the wing abruptly 
rounded, from which, to the very short beak, the border is sinuous, 
almost sigmoid; posterior border of the wing deeply concave, its proxi- 
mal half being slightly reflexed outward, as if for the passage of soft 
parts corresponding to those that in allied genera occupy a posterior 
canal, as the curved sinus adjacent to the columella doubtless gave pas- 
sage to soft parts corresponding to those that in Anchwra proper occu- 
pied the anterior canal or channel of the beak; inner lip provided with 
a distinct and moderately broad callus, which, in some cases at least, 
extends beyond the distal end of the aperture across the next volution, ~ 
as seen by dorsal aspect of the shell; columella very slightly produced 
in front, and its apex flexed a little toward the dextral side of the shell. 
Volutions of the spire marked by many longitudinally oblique folds, 
which extend to the suture on the proximal side of the volutions, but — 
not much beyond the middle on the distal side, and do not appear at all 
on either the body-volution or wing. The whole surface marked by fine 
revolving striz, which are more distinct upon the last volution than 
elsewhere; last volution and wing also marked by a moderately strong 
carina, which terminates at the point of the falciform process. 

Length, 16 millimeters; breadth across the body-volution, including 
the wing, 12 millimeters. 

This species agrees well with the subgeneric diagnosis of Meek for 
Drepanocheilus, and in many respects it resembles A. (D.) americana 
Evans & Shumard sp., but it differs from that shell in its large an- 
‘terior sinus, the deep sinuosity of the anterior border of the wing, and 

the reflexion of a portion of the posterior margin of the wing. 

Position and locality—Cretaceous strata; Upper Kanab, Southern 
‘Utah. Coilected by Prof. J. W. Powell. 


ANCHURA (DREPANOCHEILUS) MUDGEANA (sp. nov.). 
Plate 7, figs. 3 a and 6. 
Shell of medium size for one of the genus; spire moderately elongated; 


‘volutions about eight, convex; suture rather deep; body-volution pro- . 
‘portionally large; wing proper rather small, recurved club-shaped, oc- 
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cupying only about one-third of the full length of the outer lip, blunt 
or abruptly rounded at the posterior end of the posterior projection, in- 

stead of being falciform, as is usual in this genus; outer lip, exclusive of 
the wing proper, moderately broad, prominent, sloping from ‘the posterior 
base of the wing to the last suture, with a gently convex border, sloping 
with a very gently sinuous border from the anterior base of the wing to 
the pointed front of the shell; inner lip having a moderately broad, dis- 
tinct callus, extending from the anterior end of the columella to or nearly 
to the last suture; aperture elongate, narrow. Volutions of the spire 
marked by many lon gitudinal folds, which are somewhat more oblique 
upon the smaller volutions than upon the larger, and extend almost or 
quite to the suture upon both the proximal and distal side of the volution. 
These folds are continued upon the body-volution, but are not extended 
upon its anterior half, and give place to smaller, irregular wrinkles upon 
approaching the outer lip. These wrinkles are smaller at the base of 
the wing, but upon the outer recurved portion they become conspicu- 
ously strong. The whole surface is marked by fine revolving, raised 
strie, which, with the lines of growth, produce a more or less distinctly 
cancellated appearance. No true angulation or carination of either the 
volutions or the wing exists. 

Length from the pointed front to the apex of the spire, about 29 milli- 
meters; breadth across the body-volution, including the wing, 20 milli- 
meters; breadth of the body-volution, from the callus of the 1 inner lip to 
the outer surface, 95 millimeters. 

Few families of shells present greater difficulties in the way of a rea- 
sonably precise diagnosis of the genera which compose it than the Apor- 
rhaide, an exemplification of which fact is afforded by the four species 
embraced in this paper. Possibly the species here described ought to 
be ranged under Arrhoges Gabb, as a subgenus of Aporrhais; but it 
has no posterior canal, and the only feature by which it materially dif- 
ers from Drepanocheilus Meek is the blunt instead of pointed posterior 
extension of the wing, and the absence of a carina or any angulation 
of its dorsal surface. This peculiarity of the wing, indeed, distinguishes 
t nee any published species of the section of the family to which it 

elongs. 

Position and locality y.—Cretaceous strata; Denison, Tex., where it was 
collected by Prof. B. F. Mudge, and in whose honor the specific name is 
given. 


ANCHURA (DREPANOCHEILUS) PROLABIATA White. 


Plate 7, fig. 2 a. 
Anchura prolabiata WuitE, 1876, Powell’s Rep. Geol. Uinta Mts. p. 121. 


Shell rather above medium size, subfusiform; spire elongated and 
tapering to a point, with nearly straight sides; volutions nine or ten, 
convex, the last one proportionally a little more enlarged than the others, 
the distal margin of each narrowly appressed against the proximal side 
of the next preceding one at the suture; wing large, broad, its outer 
border nearly straight or slightly convex, its anterior extremity abruptly 
rounded to the broadly concave front margin; posteriorly the wing is 
divided into two somewhat broad, prominent, blunt processes directed 
backward and a little outward, the inner one of the two being the nar- 
rower, and occupying a position about midway between the | spire and 
the extreme outer margin of the wing; posterior border of the wing con- 
cave between the spire and the extremity of the first process, and less 
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concave between the base of the first and the extremity of the outer 
process. Anterior canal and beak short; no posterior canal; inner lip 
apparently without a callus. 

Surface of the volutions of the spire marked by numerous vertical or 
slightly oblique folds or ridges, which disappear upon the body-volution, 
its surface, like that of the wing, being marked with comparatively strong 
wrinkles of growth; the folds of the spire are crossed by numerous fine 
revolving, raised lines, which are hardly visible without the aid of a lens, 
except those adjacent to the sutures, which are stronger ; these revolving 
lines are perceptible upon the body-volution, but are absent or obsolete 
upon the wing. No carina passes out from the body-volution to either 
of the processes of the wing, but the inner process is the more convex 
of the two, its convexity being continuous with the greater convexity of 
the body-volution. 

Extreme length from the point of the canal to the apex of the spire, 
nearly 44 centimeters; breadth across the wing and body-volution, 29 
millimeters; diameter of the body-volution, 15 millimeters. 

The difficulty of assigning the species of the Aporrhaide found in our 
Western Cretaceous rocks to rigidly defined genera has already been 
referred to, and this species not only presents no exception to that rule, 
but it possesses some unique features, notably that of a second expansion 
of the outer lip, and it is apparently without the usual sinuosity of the 
front margin near the columella. With these exceptions, it would con- 
form well with the diagnosis of the subgenus Drepanocheilus Meek. It 
is, however, apparently without the callous inner lip possessed. by all the 
species of that subgenus known to me. Its reference as above is of 
course provisional. 

Position and locality—Cretaceous strata, probably of the age of the 
Colorado Group; Upper Kanab and Sink Spring, Utah, where it was 
collected by Prof. J. W. Powell. I alsosaw examples of it from the same 
localities in the collection of Professor Barfut, Salt Lake City, Utah. 


Genus TURRITELLA Lamarck. 
TURRITELLA MARNOCHI (Sp. NOv.). : 
Plate 7, figs. 5 a and b. 


Shell of usual size, elongate conical, gradually tapering, with slightly 
convex, nearly straight sides, apical angle from 20° to 25°, but varying 
somewhat in different specimens and in different portions of its length, 
in consequence of the slight convexity of the sides of the spire; volu- 
tions ten or twelve, flattened-convex, the last one rounded below; suture 
impressed, at the bottom of a moderately distinct channel; surface of 
the volutions of the spire marked by five (sometimes six) moderately 
elevated, revolving, nodulose carinz, the distal one being a little larger 
- than the others, and the nodules being sometimes so arranged as to form 
obliquely longitudinal rows across the volutions. These nodules appear, 
in some examples, to be a little elongated, the longer axes of those upon 
the carinz that occupy the distal half of the volution being directed 
obliquely to the sinistral side of the shell, and the others to the dextral 
side; the surface between the carine marked by from three to five fine, 
raised, revolving lines; similar ones also marking the carine between 
the nodules. Besides the carine just described, visible upon the spire, 
there are several others of similar size, but a little more sharply raised, 
and a little less broken into nodules, on the proximal side of the last 


—— 
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volution. Fig. 5a, plate 7, represents the natural exterior surface, while 
while fig. 5 b represents an exfoliated specimen. 

Some of the examples show the carine to be more distinctly raised 
than they are in either of those that are figured, and less distinctly 
broken up into nodules. 

The largest example in the collection, when entire, must have had a 
length of about 6 centimeters and a diameter of last volution, 19 milli- 
meters. 

This species resembles 7. corsicana Shumard, also from Texan Creta- 
ceous strata; but it differs from it in some important particulars, among 
which are its greater number of revolving carine, which are also less 
prominent and nodulose; in its revolving and convex, instead of flat- 
tened proximal surface of the last volution. It more nearly resembles 
LT. winchelli Shumard, also from Texan Cretaceous strata, but differs in 
having a greater number of revolving carine and intervening raised 
lines, and also in the former being nodulose instead of smooth. ‘The last 
volution of this species has at least eight carine, instead of only four, as 
in 7. winchelli. 

Position and locality—Cretaceous strata; in the vicinity of Helotes, 
Bexar County, Tex., where it was collected by Mr. G. W. Marnoch, in 
whose honor the specific name is given. 


TURRITELLA COALVILLENSIS Meek. 
Plate 9, fig. 4 a. 


Turritella coalvillensis MEEK, 1873, An. Rep. U. 8. Geol. Surv. Terr. for 1872, p. 502. 
Turritella coalvillensis WHITE, 1876, Powell’s Rep. Geol. Uinta Mts. p. 98. 

“Shell attaining a large size, elongate-conical; volutions apparently 
ten or more, distinctly convex, the most prominent part of those of the 
spire being somewhat below the middle, where they are angular; surface 
below the angle flattened, or a little concave, and sloping rather ab- 
ruptly inward and downward to the suture, while above, to near the 
upper margin, where there is a shallow revolving concavity a little be- 
low the suture, it is convex; last volution probably biangular around 
the middle; suture well defined ; aperture unknown. Surface orna- 
mented by rather obscure revolving ridges, about five of which may be 
counted on each volution of the spire, one being at the lower margin 
immediately above the suture; another, which is also the largest, occu- 
pying the most prominent angular part of the whorl; and above this 
three others occur, one being above the revolving concavity and at the 
immediate upper margin; lines of growth obscure and making a strong 
backward curve in crossing the middle of the volutions. 

“T have not seen specimens of this fine species sufficiently well pre- 
served to be able to give accurate measurements, though those I have 
had an opportunity to examine indicate a length of not less than two 
inches and a fraction, and a breadth of 0.93 inch. The angle of its 
spire, as taken from near the middle of a large specimen, imperfect at 
both extremities, measures about 23°, while smaller individuals, com- 
posed of five or six of the upper yolutions, show an angle of nearly 30°. 
It is, therefore, evidently a large robust species, that increases rather 
rapidly in size from the apex. 

“ Locality and position.—Coalville, Utah. From the Cretaceous, beneath 
the lower heavy bed of coal.” 

This and the five following species are all associated together in the 
same layer at Coalville, except the third, which is from layers somewhat 
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higher, and, so far as I am aware, none of them, except perhaps the 
Hulimella, have yet been discovered elsewhere. The stratigraphical po- 
sition appears to be either at the top of the Colorado Group or near the 
base of the Fox Hills Group, or the equivalent of Nos. 4 and 5 of the 
Upper Missouri Cretaceous section. 


TURRITELLA (ACLIS?) MICRONEMA Meek. 


Plate 9, fig. 8 a. 
Turritella (Aclis?) micronema MEEK, 1873, An. Rep. U.S. Geol. Sury. Terr. for 1872, p. 504. 


‘Shell small, terete or elongate-conical; volutions about nine, nearly 
flat, sometimes moderately convex, increasing gradually in size, last one 
rounded or obscurely subangular in the middle; suture linear to mode- 
rately distinct; aperture rhombic-ovate, angular above. Surface orna- 
mented by fine, regular, rather crowded, revolving lines, six or eight of 
which may be counted on each volution of the spire. 

‘Length of the largest specimen seen, 0.50 inch; breadth, 0.18 inch; 
angle of spire, about 19°, with slightly convex slopes. [Specimens since 
found at the original locality, and in the same layers, indicate a size 
nearly twice as great as this. | 

“This may not be a Turritella, the specimens not being in a condition 
to show the texture of the shell or to give a clear idea of its aperture 
and lip. It would be arather small species for that genus, and if it pos- 
sessed the delicacy of surface seen in those genera, it might perhaps with 
more propriety be referred to Aclis or Menestho. The fractured lip in 
some of the specimens has somewhat the appearance of a slight angu- 
larity or very small notch at the base of the aperture, but this may be 
due to the manner in which it is broken; if not, it would seem to pre- 
sent affinities with the genus Mesalia. It will be readily distinguished 
from the species I described under the name T. spironema by its less at- 
tenuated form and finer and less distinct revolving lines. It is also not 
nearly so attenuated toward the upper part of the spire as that species. 

“* Locality and position.—Coalville, Utah, from the Cretaceous below 
the heavy bed of coal mined at that place.” 


Genus EULIMELLA Forbes. 
EULIMELLA? FUNICULA Meek. 


Plate 9, fig. 10 a. 


Eulima funicula MEEK, 1873, An. Rep. U. 8. Geol. Sur. Terr. for 1872, p. 506. 
? Eulimella funicula WHITE, 1876, U. 8. Expl. and Surv. West of 100th Merid. vol. iv, 
p. 197, pl. xviii, fig. 6. ‘ 


“Shell subterete or elongate-conical; spire regularly tapering from 
the middle of the body-volution to the apex, or with very slight convex 
slopes ; volutions about twelve, flattened; last turn not much enlarged, 
subangular around the middle ; suture merely linear; aperture ovate or 
rhombic-subovate; inner lip slightly thickened and reflected. Surface 
smooth. 

“‘ Length, 0.65 inch; breadth, 0.20 inch; divergence of slopes of spire, 
about 19°. 

“This shell has much the appearance of a slender Wisso, but it cer- 
tainly wants the umbilicus seen in that genus, its axis not being in the 
slightest degree perforated. It is even more like some recent species of - 
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_ Hulimella, and may possibly have to take the name Zulimella funicula, 

when its generic characters can be more clearly determined from the ex- 
amination of good specimens. The best examples I have seen do not 
show the extreme apex of the spire, or very clearly the form of the aper- 
ture. So far as can be determined, however, its columella does not seem 
to present the straightness seen in Hulimella. I know of no closely 
allied Cretaceous species. 

* Locality and position.—Cretaceous, at Coaville, Utah.” 

_ The examples described and illustrated by me (loc. cit.) were published 
_ before I had seen either Mr. Meek’s types or his drawings, having had 
_ access only to his published description. Subsequent comparison raises 
_ a doubt as to their specific identity, but they are evidently congeneric. 
: 


i ee ey 


_ My examples were more robust than Mr. Meek’s, with a wider apical 
angle. It is possible that neither of these forms should be referred to 
Hulimelia, but they certainly agree more nearly with the characteristics 
of that genus than with any other, so far as they are yet known. 


Genus FUSUS Lamarck. 


Fusus (NEPTUNEA ? ) GABBI Meek. 


Plate 9, fig. 9 a. 
Fusus (Neptunea ? ) gabbi MeEx, 1873, An. Rep. U. S. Geol. Surv. Terr. for 1872, p. 504. 


“Shell rather small, fusiform; spire moderately prominent, conical; 
volutions seven or eight, convex; last one somewhat ventricose in the 
middle, and rather suddenly contracted below into the narrow, slightly 
twisted, more or less bent, and apparently moderately produced canal; 
suture well defined; aperture rhombic-subovate, and rather suddenly 
narrowed into the canal below. Surface ornamented with equal, distinct, 
regularly disposed varices or vertical folds, about eight of which may 
be counted on the penultimate volution, and less on the body-whorl, 
where some of them become obsolete; crossing these are also seen fine 
revolving lines, and, a little below the suture, apparently a shallow 
revolving furrow, that gives it a slightly banded appearance. 

“Length, including canal, about 0.87 inch; breadth, 0.40 inch; slopes 
of spire straight, and diverging at an angle of about 50°. 

“The specimens of this species contained in the collection are quite 
imperfect, being mainly casts retaining more or less of the shell. From 
such material it is, of course, impossible to determine with much confi- — 
dence the generic affinities of shells. I have, therefore, provisionally 
referred it to the genus Fusus, putting in parenthesis the name Neptunea 
with a mark of doubt, to indicate that I suspect it may belong to that 
group, with the limits assigned it by some conchologists. It seems, 
however, quite as probably to belong to Tritonidea, as understood by 
some. 

“‘ Locality and position.—Coalville, Utah; from Cretaceous beds below 
the lower heavy bed of coal mined at that place.” 


Genus ADMETOPSIS Meek. 


ADMETOPSIS RHOMBOIDES Meek. 
Plate 9, figs. 6 a and b. 
Admete? rhomboides Mrrx, 1873, An. Rep. U.S. Geol. Sur. Terr. for 1872, p. 501. 


“Shell rather small, rhombic-suboval, or short-fusiform, the length 
being slightly more than twice the breadth at the widest part, which is 
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near the middle ; spire rather depressed-conical, subturreted ; volutions 
five or six, convex; last one forming about three-fourths of the entire’ 
bulk of the shell, and more than half its length, widest near its upper: 
part, and abruptly narrowed below, so as to present an obliquely obovate’ 
form; suture rather deep from the convexity of the volutions; aperture nar- 
row, subangular above, and narrowed below to a small notch at the base’ 
of the truncated columella, which is provided with two small, obscure 
plaits or folds, the lower of which is formed by the twisted margin of 
the truncated inner lip, while the other is placed.a little farther up; outer 
lip sharp, with its margin slightly retreating above, and more prominent 
below, or near the middle. Surface ornamented with distinct vertical 
folds that are usually well developed on the volutions of the spire, and 
around the upper part of the body-whorl, but become obsolete below;. 
moderately distinct revolving lines also mark the lower part of the body- 
volution, but these appear to become obsolete on its upper part, and on 
those of the spire, as specimens are usually found. 

“Length, 0.57 inch; breadth, 0.21 inch; angle of spire, about 58°. 

‘““T am much perplexed in regard to the proper disposition to make of 
this and the first two of the following species. In some of their charac- 
ters they would seem to be related to certain types of the Mitrine, such 
as Vulpecula Blainville (= Vulpecula Klein), while in others they appear to 
have affinities to the Cancellartide, being much like the genus Admete. 
Without being at all satisfied, however, that they belong properly tothe 
latter genus, I have concluded to refer them to it provisionally for the 
present until better specimens can be obtained for study and compari- 
son. My present impression is that they will prove not to belong to any 
of the established genera, when all their characters can be clearly made 
out. If it should be found desirable, however, to establish a new group 
for their reception, I would propose for it the name Admetopsis, from the 
resemblance of the shell to the typical forms of the genus Adimete. 

“Locality and position.—Coalville, Utah; from Cretaceous beds be- 
neath the lower heavy bed of coal at that place.” 

A careful comparison of these fossil forms, together with some 
obtained by one of Lieutenant Wheeler’s surveying parties from the 
north fork of Virgin River, Utah, and others obtained from near Cedar 
City, Utah, with typical living forms of Admete, satisfied me that they 
are worthy of at least subgeneric separation from the last-named genus. 
Accordingly, I so referred a form in my report to Lieutenant Wheeler, 
which I then regarded as identical with Admete? gregaria Meek, but which 
is perhaps specifically distinct (U.S. Expl. and Sur. West of 100th Merid. 
vol. iv, p. 198, pl. xviii, figs. 5 a and b). I am now much inclined to 
regard these forms as generically disitnet from Admete, and so rank 
them in this paper. : 

The figures of this species on plate 9 were drawn by Mr. Meek, and 
he had written the name ‘“Admetopsis rhomboides” under the figures. 


ADMETOPSIS SUBFUSIFORMIS Meek. 
Plate 9, fig. 7 a. 


Admete? subfusiformis MEEK-1873, An. Rep. U. S. Geol. Surv. Terr. for 1872, p. 502. 


‘Shell subfusiform, with the length nearly three times the breadth ; 
spire elongated, conical, turreted; volutions seven or eight, convex; 
last turn more than half the entire length; suture well defined in conse- 
quence of the convexity of the whorls; aperture narrow, equaling about 
two-fifths the entire length of the shell, angular behind and narrowing. 
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below to a small, sharply defined notch at the base of the truncated 
columella, which seems to bear two small folds near its lower part, one 
being formed by the twisted and truncated lower margin; inner lip a 
little thickened ; surface ornamented by distinct, regular, vertical folds 
that are nearly or quite obsolete on the body-volution below its upper 
‘part, and regular revolving lines quite well defined on the body-turn, 
especially its lower part, and appear to be obsolete on those of the spire ; 
lines of growth moderately distinct. 

“ Length, 0.50 inch; breadth, 0.20 inch; angle of spire about 30°. 

“This species differs even more strongly from the last [A. gregaria} 


than that form does from the species rhomboides, having a much more 


elevated spire and a proportionally smaller body-volution and aperture. 
In ornamentation, however, the three forms are much alike. The spe- 
cies here under consideration shows a somewhat more thickened inner 
lip than I have yet seen in either of the others. 

“For the reasons already explained, this and the last may have to 
take the name Turricula gregaria, T. subfusiformis, if all three do not, 
as suggested back, require to be grouped together as a new section, 
under the names Admetopsis rhomboides, A. gregaria, and A. subfusiformis. 

“ Locality and position—Same as last.” 

The figure illustrating this species on plate 9 was drawn by Mr. Meek, 
and he had written the name Admetopsis subfusiformis under the figures. 
All three of these forms are associated together in the same layers, and. 
after examining many examples I am much inclined to think that they 
represent not more than two species at most. As to their generic rela- 
tions, see remarks following the description of the last species. Figure 
5 a, plate 3, represents a specimen from near Cedar City, Utah, which 
Mr. Meek had identified as belonging to his A. gregaria. I have not 
been able to find his type of that species among the collections, but 
judging from his description and collections which I have made from 
the typical locality at Coalville, Utah, I am not disposed to regard A. 
gregaria as distinct from A.-rhomboidea. I therefore use the name for 
both these forms that comes first in the order of his descriptions. 
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PLATE A 


Hire. 1, EXOGYRA VALKBRIE J.023-oh eee tee eee eee e ae Weve 


a. Exterior of lower valve ; diameter reduced one-quarter. 
b. Interior of the same. 
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PLATE 2 


FIG. 1: INOCERAMUS OBLONGUS.......------eeceece So eciee Meee 285 


a. Side view of left valve; diameter reduced one-quarter. 
6. Dorsal view of the same. 


FIG. 2, OSTREA (ALECTRYONIA) SANNIONIS ..--.--secceeesee0- « Ob 


a. Upper valve; exterior view. 

b. Lower valve; interior view. 

c. Lower valve; exterior view. 

d. Upper valve: interior view. 

e. Exterior of the same. All natural size. 
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PLATE 38. 


Hic. 1. INOCERAMUS GILBERT ....-..22..2--c.cceeseee a ciara 285 


a. Right valve; test removed. 
b. Front view of the same. 
c. Left valve of another shell. All natural size. 


Ga. (OVEN SHCURIS 52 522) ee ee eee ee es - 289 


a. Right valve. 
b. Dorsal view of shell. 
c. Front view of the same. Natural size. 


iGO. 4 LEBIA, PARKENSIN © 2. 2.4sac.noees eee eee 279 


a. Side view of internal cast of right valve. Natural size. 


re: 4: CoRBuULA NEMATOPHORAS.. S20 62 -cee ne eee 290 


a. Mr. Meek’s type, right valve, natural size. 

b. Right valve of an example identified by Mr. Meek, from Coal- 
ville, Utah. Natural size. 

c. Interior view of the same, showing the hinge. 

d. Front view of the same. 


HIG: >; ADMETOPSIS. GREGARIA .... 5.055.282 oe ee 318 


a, Apertural view of a specimen from near Cedar City, Utah; 
identified by Mr. Meek; enlarged one and a half diameters. 
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PLATE 4. 


Page 
Bre. 1-; INOCERAMUS : HOWBDLE . 2.722220 seem soe e eee 284 
a. View of right side; test removed. 
b. Front view of the same. 
ce. Left valve of another example. All natural size. 
MiG. 2. HUSPIRA: COALVEILLENSIS 225.32 2502e— ose ee eee eee _ 810 


a. Side view ; restored from several more or less imperfect examples. 
b. Apertural view of the same. Natural size. 


Fic. 3. OSTREA (ALECTRYONIA) BELLAPLICATA .............- 276 


a. View of the convex valve. 
b. Side view of the same example. Natural size. 
See, also, PLATE 8, figs. 2 a and b. 


Rig. 4. PALIURUS PENTANGULATUS... G20. cer ose eee 302 


a, Side view of broken example; showing also the matrix of the 
missing portion. 
b. Transverse section of the same. Enlarged. 
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PLATE. 5b: 


Hid. 1. PARAPHOLAS SPHENOIDEUS ..........--cecee Pe ie 


a. Lateral view ; right side. 

b. Dorsal view. 

ce. Ventral view. 

d. Front view. All of the same example, and all enlarged two 
diameters. 


FiGs2: DANCREDIA 2. Ca:LIONOTUS — 2.) eee eee 


a. Right-side view; natural size. 

b. Dorsal view of the same example. 

ce. Front view of the same. 

d. Right-side view of the cast of another example; showing pallial 
sinus and posterior abductor scar. 


Hic. 3. CRASSATELLA CIMARRONENSIS: ....2.220-¢o2ccues sees 


a. Left-side view; natural size. 
b. Dorsal view of the same. 
ce. Front view of the same. 


hie: 4. OCARDIVUM ‘TRIM 2252722 inc 2 eee eee 


a. Natural cast of right valve; natural size. 

b. Gutta-percha cast of a portion of a natural mould of the exte- 
rior surface ; enlarged three diameters; showing spines on every 
third rib. 


BiG... PACHYMYA.? -HERSEYI 2. s..60- -eeecroe See eee 
a. Left-side view; natural size. 
b. Dorsal view of the same example. 


FG. 6. ‘OSTRER. QUADRIPLIGATA 525.25. once cee eee 


a. Lower valve, natural size; the marginal processes in this exam- 
ple are somewhat longer than usual. 
See, also, PLATE 8, figs. 3 a and b. 


MIG.-7.. PACH YMY A’ A TSHRINIRNSIS <2 50s 2 pel ene 


a. Side view of a young example from Salado, Tex; natural size. 
b. Front view of the same. 
See, also, PLATE 8, figs. 1 a and b. 
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PLAT, 5G: 


Page. 
Fic. 1. GLYCIMERIS BERTHOUDI ...........--0- wcls ass boot one 


a. Left-side view; natural size. 
b. Dorsal view of the same example. 


Pig: 2) BARBRA TIA COALVIMUENGINU Aon coe oe eee cree Sees «ots lee 


a. Exterior view; left valve; natural size. 
b. Interior view, ’ showing hinge, the middle portion of which is 
imperfect. Both are partial restorations. 


iG. 3, PLICATULA HY DR ORE OAG 2. sc02) eee ee ee ee 279 
a. Natural cast in sandstone of the deeper valve ; natural size. 
b. External view of the upper or flat valve. 


Hic. 4; MACTR AV? HOLMESE 92.2 ee Se eee SS AVG Sven eine See 295 


a. Right valve; natural size. 
b. Left valve. 
c. Side view; type-specimen. 
FIG. 5, a@ and b; represent probably the same species; from near 
Canon City, Colo. 


Fic. 6. CARYOPHYLLIA JOHANNIS................ Solna ages 274 


a. Side view; enlarged two diameters. 
b. Calycular view of the same. 


Rie. 7.. CARYOPHYLLIA? BGERIA:..u./.co. coe eee eee eee 275 


a. Side view; enlarged two diameters. 
b. Vertical view of another example, broken across just below 
the calyx. 
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Fie. 1. 


Fie. 2. 


Fiac. 3. 


PLAYE 7. 


ANCHUR A. TRAD HINTS apo see oi serete eon eee Ps oo 


o. Lateral view; the posterior process of the wing and the beak 
restored from casts left in the matrix; natural size. 


ANCHURA (DREPANOCHEILUS) PROLABIATA............ 


a. Lateral view; natural size. 


ANCHURA (DREPANOCHEILUS) MUDGEANA.....---..- 505 


a, Lateral view, showing exterior surface of wing. 
b. Apertural view of another example. Natural size. 


Fic. 4. ANCHURA (DREPANOCHEILUS) RUIDA...... ~ ese soe 


Fig. 5. 


a. Apertural view; natural size. 
b. Opposite view of the same. 


TURRITEL LAS MARNOCHL( ~ oo.e 8 nse “ocece sles eee 3 


a. Lateral view, showing natural surface; natural size. 
b. Another example; a natural cast; the test removed. 


Bic: 6. NERITINA INCOMPTA Jo2 32.24 es emcce cc 500 6a cee é 


a. Lateral view ; natural size. 
b. Apertural view of the same example. 
ce. Apical view of the same. 


‘Fic. 7. NERITINA (VELATELLA) PATELLIFORMIS .......-.. oe 


Fie. 8. 


a. Dorsal view; natural size. 

b. View of the ‘under side of the same. 
c. Lateral view of the same. 

d. Posterior view of the same. 


N. (V.) PATELLIFORMIS var. WEBERENSIS -....... Saso5- 


a. Dorsal view; natural size. 
b. Lateral view of the same. 


PG. 9. ACTON, WOOSTER 224.001 oeee ec eee ek oe eee 


Fie. 10. 


Fie. 11. 


Fig. 12. 


Fig. 13. 


Fia. 14. 


a. Lateral view of natural cast; natural size. 

b. Apertural view of the same. 

c. Gutta-percha cast of a natural mould of the exterior surface, 
showing strie. Enlarged. 

ACT AIONIN A PROSOCHBIDA) of )a55 sos.62s soo oe eee 


a. Lateral view; natural size. 
b. Apertural view of the same. 


NSE DEN GA SPS MVE Ge set ones ee eee eee ices t (eee 


a. Apical view; natural size. 
b. Lateral view of the.same. 
c. Under view of the same. 


PHYA ICAR TED OND = =. 5.20 an2 30 Bro ees nite 2 oe «sisor eee 
a. Lateral view; natural size. 

He) S GS ree = Re eee ES gt ee o32 Soe 
a. Lateral view of a sandstone cast; natural size. 


PLACUNOPSIS HILLIARDENSIS: ../.:..@....-.... me 


a. Exterior view of the upper valve; natural size. 
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HiGe 1 MeOACHYIEVA ATSTENEINSIS!. oe ess ce eee eee eee 


a. Left valve, reduced to two-thirds of the natural diameter, from 
Dr. Shumard’s figure. 
b. Natural cast; dorsal view; reduced one-half of the natural 
diameter from a specimen from Salado, Tex. 
See, also, PLATE 5, figs. 7 a and b. 


Fig, 2. OSTREA (ALECTRYONIA) BELLAPLICATA |...2..1....... 


a. Exterior view of upper valve; natural size. 
b. Interior view of the same. From photograph copies of Dr. 
Shumard’s original figures. 
See, also, PLATE 4, figs. 3 a and b. 


Fic. 3. OSTREA QUADRIPLICATA 


a. Lower valve; natural size. 
b. Upper valve. Both from photograph copies of Dr. Shumard’s 
original drawings. - 
See, also, PLATE 5, fig. 6 a. 
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PG, 1. ANISOMVON CENTRALE 1... 2252 eo eee oe. eee 


a. Lateral view ; natural size. 

b. Apical view of the same. 

ec. Lateral view of another example. 
d. Apical view of the same. 


BiGior CARDIO ———- 9 Soe Us Pe ee 6 


a. Natural cast of left valve; natural size. 
b. Lateral view of the same. 
ce. Cast showing exterior surface, with character of costs. 


Hic. 3. CARDIUM PAUPERCULUM 22235. ines ee ae a 
a. Cast of right valve; natural size. 


Pre. A. TURRITREA COM VIELENSIS, 20) ee eee 
: a. Imperfect example; natural size. 


Fic. 5. TURBONILLA (CHEMNITZIA) COALVILLENSIS........ aoe 


a. Lateral view; natural size. 
b. Apertural view of the same. 


Hic. 6. ADMETOPRSIS RHOMBOIDES 7. cc) ecs.ses ese c oe eee 


a. Apertural view; natural size. 
b. Opposite view of the same. 


Fic 7. ADMETOPSIS SUBFUSIFORMIS. .2.. 5226222... 6. eee 
a. Apertural view; natural size. 


Fic. 8. TURRITELLA (ACLIS?) MICRONEMA......... Lies so ee 
a. Lateral view; enlarged two diameters. 


Hic. 9. -FUSUS (NEPTUNEA?)-GABBI 2.5. 2.255206 aoe eee 
a. Lateral view; natural size. 


fe 10, HULMEILA PUNICULA 4,-4.2 )42 eee ee. ee 
_a. Apertural view; natural size. ; 


Wel MEACTRA GCANONENSIS... 2 onc foes oee he fe. eee 


a. Exterior view, right valve; natural size. 

b. Left side view ; test partly exfoliated, showing pallial lines and 
muscular impressions. 

ec. Dorsal view. 
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Fig. 1, Prerra (OXYTOMA?) GASTRODES..............-....-e 
a. View of sandstone cast of left valve; natural size. 


Pig} 2. PTERIA (PSEUDOPTERA) PROPLEURA.o..-- 22-2). seer 


a. Left valve of young example; front margin not quite perfect. 

b. Left valve of a somewhat larger example. 

ce. Left valve of adult example; drawn from a gutta-percha cast 
of the sandstone mould of Mr. Meek’s type-specimen of his 
Avicula (Pseudoptera) rhytophora. - 


Fic. 3. BARODA WYOMINGENSIS..........- ae 


a. Left valve; natural size. 
b. Dorsal view of the same example. 
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BiG A BARODA SUBELUDE TIGA. ..cnne see ean oe 


a. Lateral view; left valve; natural size. 

b. Dorsal view of the same, showing dorsal aspect of the teeth. 
e. Right side view of a smaller example. 

d. Dorsal view of the same. 


BiG. Oo) LAP EATUN MICRONENA. 2. eel ere eeee 
a. Left side view; natural size. 


Fic. 6. TRAPEZIUM TRUNCATUM ..........-.-. 


a. Left side view; natural size. 
b. Dorsal view of the same specimen. 


Race i CYRENA: INFLEXA ..ck Jo oc5c 5.002 = a a pert mals 3 


a. Lateral view; right valve; natural size. 
b. Natural cast of right valve, showing muscular impressions and 
pallial line and sinus. 
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REPORT OF ORESTES ST. JOHN, GEOLOGIST OF THE TETON 
DIVISION. 


LETTER OF TRANSMITTAL. 


OFFICE UNITED STATES GEOLOGICAL AND 
GEOGRAPHICAL SURVEY OF THE TERRITORIES, 
' Washington, D. C., June, 1878. 

Sm: I have the honor herewith to submit my report on the geology 
of the country visited by the northern or Téton division of the United 
States Geological and Geographical Survey of the Territories during 
the field-season of 1877. 

The party, on the completion of its organization at Cheyenne, pro- 
ceeded by rail to Ogden, Utah, whence a march of 160 miles to the 
northward brought us to the southwest corner of the district assigned 
for the season’s operations. The route from Ogden followed the main 
wagon-road to Montana, skirting the western base of the Wsaatch 
Range to Malade City, thence crossing over into Marsh Valley and 
down the Portneuf to where it opens out into the Snake River Basin in 
the vicinity of Ross Fork Agency, where active work was begun in the 
Mount Putnam Group on the 12th June. 

This part of the journey passed through a section which has already 
been examined and reported upon by yourself and other members of 
the survey; besides it lies in the district to which Dr. Peale was as- 
signed as geologist during the past season, to whose report such desul- 
tory observations as I was able to make in the course of a rapid march 
will add nothing. 

The region occupied by this division embraces much of the ground 
explored by the Snake River Expedition under the direction of Mr. 
James Stevenson in 1872, to which Prof. Frank H. Bradley was attached 
as geologist, and to whose elaborate report on the geology of the region 
traversed by that expedition, within the limits of the present district, 
my own observations are merely supplementary. In many instances. 
Professor Bradley has reported on localities which, for lack of time, it 
would have been inconvenient to revisit, and in such instances, as also 
where our routes were the same, on which he has fully reported, I have, 
for the sake of brevity, subordina ted the results of my own examina- 
tions to his, only noting such facts as may add to the completeness of 
previous examinations, with such reference to these latter as is neces- 
sary for the unity of the present report. 

The district is so situated that its various sections are somewhat 
isolated, in some cases necessitating long détours in order to pass from 
one section to another, in which much valuable time was consumed, 
though not always without some compensating profit to the observer. 
Partly from this fact, I have been led to divide the district into several 
sub-districts or sections, which, indeed, possess some natural value on 
account of their topographic features and hydrographic boundaries, and 
which are separately treated of in the subjoined report. 
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Such sections and other illustrations have been executed to accompany 
the report as are deemed of use in the clearer exposition of the facts in 
relation to the geology therein cited. And in such cases where I have . 
had occasion to incorporate with my own the observations of others, in 
order to give to these accumulated results an approach to a connected 
completeness, due credit has in all instances been given in the proper 
place. 

P To the gentlemen of the survey, and especially to my colleagues of 
the geological corps, I am under obligations for many courtesies and 
cordial co-operation in the work of the office. In this connection I wish 
to express my appreciation of the many personal acts of kindness which 
iI shared with members of our little party in the field. 
I am, sir, very respectfully, your obedient servant, 
ORESTES ST. JOHN. 
Dr. F. V. HAYDEN, 


United States Geologist in Charge. 


REPORT OF THE GEOLOGICAL FIELD-WORK OF THE TETON 
DIVISION. 


By ORESTES ST. JOHN. 


CHAPTER TI. 


AREA AND BOUNDARIES. 


The district of the Téton or northern division of the United States 
Geological and Geographical Survey is bounded as follows: Commencing 
at the southwestern corner on the eastern margin of the Snake Plains, in 
the vicinity of Mount Putnam, on the parallel 43° north latitude, the 
western boundary of the district follows the meridian 112° 15’ west lon- 
gitude north to the intersection of the parallel 44° 15’; thence the north- 
ern boundary extends east to the meridian 109°; thence south to the 
parallel 43°, which latter forms the southern boundary of the district. 
Of this area, which forms a rectangle of one and a quarter degrees of 
latitude and two and three-fourths degrees of longitude, about 6,000 
square miles were actually worked topographically from stations com- 
manding extensive stretches of plateau and plain. A broken region in 
the southeastern quarter shading off into the upper portion of Green 
River Basin along its southern border, and embracing a part of the Gros 
Ventre Mountains, and a considerable portion of the Snake River Range 
in the region of the Grand Cafion, with a strip on the eastern border | 
including the northern half of the Wind River Range, was, for lack of 
time and interruption, left unworked. 

One of the earliest accounts of the region embraced within the above- 
mentioned limits is found in the published journal of the missionary 
Rev. Samuel Parker,* who, in the summer of 1835, performed an ardu- 
ous journey across the continent to the Columbia. The missionary, as 
nearly as can be made out, probably entered the country comprised in 
the present account either through Hoback’s Cafion or some pass to the 
northeast in the Gros Ventre Range, passing into Jackson’s Hole, and 
thence crossing the Téton Pass at the southern end of the range of the 
same name, into Pierre’s Basin. This route probably closely corresponds 
to that pursued by the early fur-traders, of which Irving has preserved 
accounts in his “Astoria” ofthe passage of Mr. Wilson G. Hunt, in 1811, 
and of Robert Stewart the following year, on their return across the 
mountains from the Columbia. Mr. Parker’s geological notes are in the 
main easily identified in the localities in this region. 

The War Department expedition, under command of Capt. W. F. Ray- 
nolds, visited this country in the summer of 1860, and to the report of 
Dr. F. V. Hayden, published in 1869, who was commissioned geologist 
of the expedition, we owe the first authentic account of the geological 
structure of a large extent of country surrounding the sources of the 
Missouri and the Columbia Rivers. This expedition passed up the Wind 
River Valley, crossing the range of the same name over Union or Warm. 
Water Pass, and thence descended the Gros Ventre to Jackson’s Hole., 
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From the latter point the expedition crossed the Téton Pass, following 
the western base of the Téton Range into the country north of this dis- 
trict. Notwithstanding the haste with which the expedition prosecuted — 
its march, the salient geological features were seized upon, and wher- 
ever later exploration has touched Captain Raynolds’s trail, the work has 
been rather an amplification according to the better opportunity for more 
extended examinations. The expeditions of this survey have also ex- 
plored considerable portions of the district; that of 1871 passing along 
the western border, and the Snake River expedition in the season of 
1872 traversed still more extensive portions in the central part of the 
district in the region of the Téton Range. It is to the latter expedition 
to which Prof. Frank H. Bradley was attached as geologist, that we owe 
much concise information relating to the geologicai history of a large 
area of territory on the headwaters of the Snake or Lewis River, an in- 
teresting account of which is embodied in the Reportof the United States 
Geological Survey, 1872. In the following season Capt. W. A. Jones, of 
the Engineer Corps U. 8. A., in command of an expedition to which was 
attached Prof. Theodore B. Comstock, traversed the extreme northeast 
corner of the district. Professor Comstock’s report is accompanied by a 
map on which is indicated the occurrence and distribution of the geologi- 
cal formations over the eastern section of the district lying between the 
Upper Snake and Wind Rivers. Other expeditions have visited the re- 
gion for geographical and other purposes at dates remote and late. 
With the exception of the southwestern section, we had already much 
information in regard to the geological and geographical character of 
the district; mainly, indeed almost wholly, derived from the explorations 
conducted under the auspices of this survey. Yet the facilities for ob- 
servation during the past season have enabled the accumulating of a con- 
siderable mass of details in further exposition of the regions already 
partially studied, while in the southwest a tract of virgin ground was 
explored by this division of the survey during the past season. . 


GENERAL SURFACE FEATURES. 


Drainage.—The district lies almost wholly within the system of the 
Snake River drainage, the sources of Wind River rising in the continental 
water-shed near the northeastern corner. The main Snake River trav- 
erses the district in an irregular Z-shaped course, rising in the voleanic 
area in the northern portion, making its exit near the southwestern cor- 
ner of the district. It thus makes two great bends within this territory, 
the first in its passage across the Snake River Range south of the Tétons, 
whence it flows northwesterly to the northern boundary, where it is 
again suddenly deflected in a south and southwesterly course to the point 
where it leaves the district. Nearly half of its course passes through the 
great voleanic-floored plain of the Snake Basin, the upper half lying 
within the mountainous area, traversing in graceful windings beautiful 
mountain basins, its current interrupted by serious rapids only at two ~ 
points, the one in its wild passage of the gorge through the Snake River 
Range, and the dalles at Taylor’s Bridge or Eagle Rock, below the lower 
great bend. Its principal tributary is the Henry’s Fork, which rises in 
the water-shed far to the north, beyond our present limits, and joins the 
main stream in the northwestern portion of the district through a curious 
delta system in the midst of extensive flats, which are occupied by bea- 
ver-ponds and thickly grown with willow. Pierre’s River, which lies 
wholly within the district, draining its northern section west of the Téton 
Range, also forms a delta in the beaver-ponded flats on joining Henry’s 
Fork a short distance above the confluence of the latter stream with the 
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Snake. In the southwest, the Blackfoot drains a considerable area in 
its winding course, finally breakin g through the low hill-ranges bordering 
the Snake plain to the northeast of Fort Hall, and gains the Snake near 
the southwest corner of the district. The Salt and John Day’s Rivers, 
two fine affluents which rise in the district to the south, reach the Snake 
at a point just below its debouchure from the Grand Caiion on the south- 
ern central border. To the east of the Téton Range the Gros Ventre and 
Buffalo Fork gather the main drainage on the west flank of the water- 
shed, joining the Snake in the mountain basin of Jackson’s Hole. The 
ultimate sources of the main stream rise in the divide north of Buffalo 
Fork, while Lake Fork drains a part of the lake plateau to the north of 
our district. 

Mountain ranges.—In some measure conforming to the drainage system 
of the region, the mountain belts may be distributed into well-defined 
areas of greater or,less regularity of courses and magnitude. Nearly 
centrally located, dha forming the dominating range whose axial peaks 
rise 11,000 to near 14,000 feet altitude, the Téton Mountains constitute 
one of ’the most conspicuous orographic groups in this northern region. 
Its orographic relations may be likened to that of a wedge, separating 
the Gros Ventre on the one hand from the Snake River Range on the 
other, its longer axis lying nearly meridional a distance of about 40 miles 
from north to south, and an average breadth of 15 miles. 

Along the eastern border, the water-shed north of Warm-Water Pass 
forms a high wooded divide, which, in the region of Buffalo Fork Peak, 
is broken down in the gap of Togwotee Pass, from which point it pur- 
sues a course east of north, heading Buffalo Fork, and throughout its 
extent within the district it is made up of a vast accumulation of volcanic 
materials, which, to the north, rise above timber-line. Intermediate, or 
between the continental divide and Jackson’s Basin, the northeastern 
quarter of the district is occupied by clusters of sedimentary and vol- 
eanic hills and ridges, which the drainage has fashioned into distinct 
groups, to which belong the highlands between the Buffalo Fork and the 
sources of the main Snake, and the Mount Leidy groups situated between 
the former stream and the Gros Ventre River, the culminating points 
of which attain altitudes of from 10,000 to 11,000 feet above the sea. 

To the south of the latter group, the Gros Ventre Range constitutes 
a rather wide belt of upheaval, trending nearly at right ‘angles to the 
Téton Range, forming a sort of pridge, or great transverse. highland, 
connecting the latter “with the Wind “River Range, in the southeastern 
quarter of the district. The geological relations of this highland belt 
will be briefly discussed farther on. Its axial course lies a little south 
of east and north of west, its heights rising 12,000 feet above the sea, 
and offering great diversity i in its geological and concomitant topograph- 
ical features. 

The Snake River Range forms a rather wide and broken belt which 
rises in the plateau dividing the Green and Bear River Basins to the 
south of this district, and, pursuing a northwesterly direction, terminates 
in the Snake Plain south of Pierre’s River, after a course of about 60 
miles within the present district. It intersects the southern terminus of 
the Téton Range at an angle of about 45°, to the south of which it is 
completely severed by the orand cation of the Snake River. Its eastern 
limits south of Hoback’s River have not been explored, but below the 
Téton Pass it descends into the lower portion of Jackson’s Basin, while 
to the northwest it is separated from the Téton Range by Pierre’s Basin. 
Its southwestern flank is bounded by the lower valley courses of Salt 
and Snake Rivers. 
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In the southwestern section, situate in the great northern or lower bend 
of the Snake, occur a series of low hill-ranges which in the main extend. 
into the country to the south, with perhaps a single principal ridge, the 
Blackfoot Range, which occupies. a topographically isolated position in 
the southwestern half of this area. On the east and facing the Snake 
River Range, occurs a widish belt of hills, the Caribou Range, which 
falls away into the basin of Willow Creek, which intervenes between its 
southwestern foot and the Blackfoot Range. This basin area is ridged 
with low parallel elevations, having the same general northwest and 
southeast direction. In the extreme southwest the Portheuf Range 
terminates in Mount Putnam and a belt of low highlands in the angle of 
the Blackfoot River. 

Valleys and plains.—Encompassing the western and northwestern 
borders of the highland region above briefly outlined, the great plain of 
the Snake River stretches miles away to the foot of the distant mountain 
barriers which define the western and northern boundary of this arid 
waste. Within our present limits this region is scarcely broken by a 
single elevation, the Crater Buttes at the apex of the northern bend of 
the Snake, and the Sand-Hills a few miles to the north of the latter, being 
the only exceptions. But, approaching the highlands, the plain rises in 
gentle grassy acclivities, whose surfaces are scored by narrow cations 
hemmed in by precipitous walls of dark basaltic lava, which in places 
rise to the height of several hundred feet above the stream-beds. Through 
such portals the majority of the streams pass on their way from the high- 
lands to the plain. | 

The highlands are intersected by broad, bay-like recesses, which open 
out to the north into the plains country, of which, indeed, they form a 
part physically and geologically. Such are the basins situated between 
the Caribou and Blackfoot Ranges and Pierre’s Basin, between the Snake 
River and Téton Ranges, extensive level, grassy tracts, which are par- 
tially hemmed in by mountain ranges. Jackson’s Basin, at the eastern 
foot of the Téton Range, is an interesting example of mountain-locked 
valley, which comprises an area of four or five hundred square miles, 
environed on the east by the comparatively gentle wooded slopes which 
form the outlying flanks of the mountain borders, and on the west by 
the Téton Range, whose precipitous walls and massive towers rise 5,000 
to 7,000 feet above its surface. The Snake River winds its course through 
low, willow-fringed flats, between beautiful gravel terraces, and over 
pebble- and bowlder-strewn bed, receiving on the west bank the numer- 
ous snow-fed torrents which debouch: into pretty laklets at. the foot of 
the great range, and on the east the larger affluents of ice-cold water 
which descend from the continental divide. 

Subdistricts, or sections—As above outlined, the district may be di- 
vided into mountain and plain regions, the superficial areas of which are 
respectively as three to four, or thereabouts. Further considered in 
reference to the topographical and geological characteristics.of the dis- 
trict, it may be divided into the following sections, which will be sepa- 
rately noticed in the following chapters devoted to detail geology :. The 
southwestern section, embracing the area reaching up into the great 
northern bend of the Snake River; the Téton, or middle section, in- 
cluding that portion of the district embraced in the great southern bend 
of the Snake; and, lastly, the eastern section, which comprises all the 
territory to the east, lying between the Téton. Range and the main 
water-shed. crest, of which, however, only a narrow strip’ along the west- 
ern border in. the .vicinity’of Jackson’s Hole fell under actual examina- 
tion during the past season. 


CHAPTER II. 


SOUTHWESTERN SECTION. 


GENERAL TOPOGRAPHICAL FEATURES, DRAINAGE, ETC. 


The southern boundary of the district, conforming to the parallel 43° 
north latitude, forms the base of an irregularly triangular-shaped area, 
the remaining two sides of which are defined by the Snake River, and 
comprising in the neighborhood of 1,900 square miles, embraces the 
territory referred to umder the above designation. Of this area quite 
two-thirds are embraced in the highland region which stretches across 
the southern line from the western boundary of the district to Salt 
River, its northern border sinking into the Snake plains, which latter 
comprise the remaining third of the section. The Snake River bound- 
ary, of course, constitutes the main drainage, receiving the numerous 
affluents which drain the interior southern highlands. Of these, the 
Blackfoot River, whose course is mainly within this Territory, is the 
largest. It rises in the central southern portion in a broad basin lying 
to the north of the Bear River drainage, and flowing southerly, it re- 
turns; passing thence northerly a distance of about 25 miles it again 
suddenly bends westward, breaking through the upraised border of the 
volcanic flows and emerging into the plain, joins the Snake a few miles 
north of the southwest corner of the district. It is a fine little stream 
with a total length of 75 miles or so, with a diversified course of interior 
grassy, Sage plain or basin, basaltic cafon, and open sandy plain. In 
the extreme southwest the sources of Ross Fork flow down from the 
Mount Putnam Hills, and gathering on the edge of the plain, flow west- 
ward beyond our limits into the Snake. In the northerly continuation 
of the same basin in which the Blackfoot rises, several other small 
streams gather their waters from springs which issue from the volcanic 
ledges and neighboring highlands, and flow northward through Willow 
Creek into the upland plain where their courses are caiioned in basaltic 
rocks. Still farther to the east the drainage of a considerable area is 
accumulated in the marshy depression known as John Gray’s Lake, which 
finds an outlet also through Willow Creek into the Snake to the north- 
westward, its lower course being caiioned in the basalt of the border 
upland. The eastern border is drained by several smaller streams, 
among which McCoy and Fall Creeks are the largest, which take their 
rise in the heart of the Caribou Range in beautiful little mountain 
basins, forcing their way across the axis of the range through deep, 
picturesque gorges. In the southeast, Salt River gains the Snake at a 
point just below the lower entrance of the Grand Cafon. It winds 
through a broad valley flanked by hills, which, farther to the southward. 
beyond our district, opens out into an extensive basin-like area. 

The eastern border of the region is occupied by a wide belt of low 
mountains, the Caribou Range, which trends northwest and southeast, 
with an extent of some 40 miles within this district. Separating the Car- 
ibou from the Blackfoot Range, on the west intervenes an extensive 
basin drained by Willow Creek, the average breadth of which is about 
12 miles, and which is traversed by several low, rocky ridges, whose 
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parallelism denotes their intimate relation to the larger mountain corru- 
gations on either hand. This basin area reaches far to the south, into 
the district visited by Mr. Gannett and Dr. Peale, where it is described | 
as showing essentially the same surface features. To the west of the 
Blackfoot Range and within the lower or northern bend of Blackfoot 
River, an area of between 300 and 400 square miles is occupied by low 
hill-ridges forming the northern prolongation of the Mount Putnam Range 
and its outlying eastern highlands, which successively die out in the 
edge of the plain south and north of the debouchure of the Blackfoot. 
These low hill-ranges are intersected by parallel valleys and little basin 
expansions, which pleasantly diversify the country and distribute valu- 
able agricultural lands where otherwise the country would be useful 
only for grazing purposes. 


MOUNT PUTNAM—PORTNEUF RANGE. 


One of the highest points of this range, that on which Station I was 
made, is situated just over our southern line, in the district surveyed by 
Messrs. Gannett and Peale, where the range, indeed, attains its principal 
magnitude. It consists of a somewhat rugged axis of ancient quartzites, 
alternating with slaty micaceous shales, and apparently resting upon 
a heavy mass of the latter deposits, which are partially exposed in the 
high shoulder overlooking Ross Fork drainage, on the west side of the 
range, facing the Snake plain. Just to the north of Station I, the range 
is broken though by a branch of Ross Fork, which opens out into a 
pretty little hill-environed basin, excavated in the sedimentary deposits 
which succeed the quartzites on the east; and where it crosses the range 
on its way into the plain it has cut a short gorge across the tilted Silu- 
rian quartzites and limestones. This rift marks the northern breaking 
down of the higher crest of the range, which to the north, within the 
present district, is continued in a much lower ridge, whose culminating 
summits rise but a few hundred feet above the Snake plain. This low 
prolongation of Mount Putnam sweeps round from a north to a north 
by east direction, terminating in rather abrupt hills, which form the 
western angle of the debouchure of Lincoln Creek drainage, a few miles 
south of Fort Hall. The declivity facing the plains is in places quite 
abrupt, the opposite flank much more gently descending in broad undu- 
lations into the shallow depression in which Lincoln Creek and branches 
of Ross Fork rise, its surface for the most part covered with herbage, 
with here and there rocky points clothed with gnarled cedars, and copses 
of undergrowth and aspen clinging to the sides of the ravines which 
intersect the ridge. 

The quartzites which crown the high northern peak of the range pass 
beyond the western border of the northern ridge prolongation, where 
they have been denuded and concealed beneath late Tertiary deposits, 
which, according to Professor Bradley, make up quite an extensive for- 
mation outlying the ridge. In the craggy ridge north of the south gorge 
of Ross Fork the quartzites and limestones of the Lower Silurian reap- 
pear, where they show a wavering strike, with a general bearing west of 
north and dipping east. The strike of the rocks diverges a little west 
of the trend of the ridge, which, as it bears more and more to the east 
of north, is successively occupied by more recent deposits, until the 
Jurassic caps the northeast end of the ridge, as observed by Professor 
Bradley. 

A low spur dividing the Ross Fork drainage from Lincoln Creek, and 
spreading over a limited area to the north and west, forming an undu- 
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lating upland which sinks into the plain in those directions, is, accord- 
ing to the same observer, made up of “white and light-gray Pliocene 
sandstones and limestones, interlaminated with trachytic porphyries and 
coarse volcanic sandstones, all dipping about north 54° east at angles 
varying from 15° to 30°.” Professor Bradley mentions the existence of 
an anticlinal at this locality; the same deposits on the opposite flank 
of the spur are mentioned as showing an inclination of “729, S. 349 W.” 
In passing up out of the branches of Ross Fork, five to eight miles south 
of the above-mentioned spur, we soon leave the basaltic flooring of the 
plain, the way crossing the gentle undulating and gradually rising ascent 
outlaying the main ridge of the Mount Putnam prolongation, over a light- 
brown finely-comminuted soil, which is probably largely derived from 
the degradation of the late Tertiary and their associated volcanic de- 
posits. At the foot of the ridge, north of the entrance of the gorge 
through which passes a wagon-road from Ross Fork Agency, a limited 
exposure of loosely-consolidated conglomerate, in thin layers and nearly 
horizontal, appears in obscure terrace outliers, and which I take to be 
referable to the above-mentioned Pliocene beds. To the south still appar- 
ently similar deposits occur, where they constitute an outlying area 
corresponding to that between Ross Fork and Lincoln Valley. 

Passing up through the Ross Fork gorge at this point along an east- 
west line, the strata show steep inclination to the eastward, rising up 
into the monoclinal crest which is here surmounted by a heavy ledge 
of light-buff quartzite. Beneath, occurs a ledge of drab and buff rough 
weathered limestone, and several hundred yards to the east of the last 
a second ledge of dark-gray limestone, steeply inclined with and resting 
upon the quartzite, forms the east flank of the ridge facing the Ross Fork 
basin. The latter limestone is apparently in turn overlaid by quartzites, 
when a space of half a mile or so intervenes in which no rock exposures 
appear in the low acclivities bordering the stream. Then succeed 
heavy deposits, showing below dirty-buff weathered conglomeritic lime- 
stone, mainly composed of light-gray limestone pebbles with a few of 
quartzite, and which is overlaid by light-gray and dark-blue cherty 
limestones, dipping 30° southeast, and reaching a thickness of above 1,000 
feet. The upper limestone abounds in characteristic Carboniferous fossils, 
a large Zaphrentis occurring in great numbers, besides Spirifer, &c. To 
the east of the latter exposure, which forms a low rocky point on the 
north side of the stream, the strata are concealed beneath the superficial 
materials covering the undulating prairie surface which intervenes be- 
tween this and the low broad divide next east. . 

Some three or four miles north of the wagon-road gorge, on a promi- 
nent, isolated point of the ridge on which Station II was located, the 
Lower Silurian limestones rise gently up into the crest, which is more 
abruptly broken down in the northwest face, in which the exposed edges 
of a few hundred feet thickness of strata are partly revealed to view. 
The lower 200 feet or more consists of (1), dark-gray limestone; (2) buff 
rough weathered limestone; and (3) thin-bedded, dark-gray, brecciated 
limestone, in which a brief search failed to discover organic remains. 
Overlying the limestone occurs a ledge of quartzite conglomerate, show- 
ing a thickness of 45 feet, but which is evidently only partially exposed. 
Resting upon the last and forming the crest of the station, a thickness 
of a few hundred feet of gray, buti-gray, or pink fragmentary limestone, 
with brecciated layers and shaly partings, occurs, in which the presence 
of fragmentary remains of trilobites and a small flat gastropod are suffi- 
cient to establish the Lower Silurian age of the deposit. This latter 
limestone near the summit shows a dip of 5° to 15° little south of east, 
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and sweeping down. in that direction so as to cover that side of the ele- 
vation. 

At the foot of the southeastern spur a heavy bed of light-colored, — 
rough-weathered quartzite appears, dipping 25°, east 30° south; the same 
deposit again outcropping in the south side of the little gorge which 
cuts across the ridge just south of Station II. Resting on the latter 
bed occurs an obscure exposure of rough-weathered buff-gray siliceous 
limestone, containing a few poorly-preserved fossils, crinoidal columns, 
and an undetermined brachiopod shell, which may be a Hemipronites. The 
latter rock appears in a low shoulder at the southeast foot of Station II 
hill, to the east of which the rocks are again hidden beneath the soil. 

From Station II the ridge rapidly trends round into the northeast, 
showing several low rugged summits. In one of these points, a mile or 
so to the northeast of Station II, obscure outcrops of limestone débris 
were crossed, which are apparently identical with the conglomeritic lime- 
stone exposures above mentioned underlying the Zaphrentis limestone 
ledges which appear in the north bank of Ross Fork. A little farther 
on to the eastward, indeed, a heavy mass of overlying dark-gray Car- 
boniferous limestone offers the same association and succession of beds 
as noted at the above-mentioned locality some four or five miles to the 
south. In an accompanying plate will be found a generalized section 
exhibiting the stratigraphy and structural features of the monoclinal 
a forming the northern extension of the Putnam ridge within this 

istrict. 


HIGHAW’S PEAK RIDGE, ORB ROSS FORK—LINCOLN AND BLACKFOOT 
DIVIDE. 


Extending northward from our south line is a low ridge, which may 
be designated as the Higham’s Peak Ridge, after the peak which con- 
stitutes the dominating topographical feature. For the most part this 
belt forms a broad low divide between the highland course of the Black- 
foot on the east and the depression which intervenes between this and 
the Mount Putnam ridge on the west. The northern portion of this 
depression is occupied by the Lincoln Valley, while the southern half 
belongs to the highland basin of Ross Fork. This latter basin and the 
low divide which separates it from the head of Lincoln Valley or Four- 
Mile Creek, as it is locally known, embraces an elliptical area of undu- 
lating grassy surface in the main mantled with detrital materials, with 
evidence here and there of the fine brown soil which is common if not 
peculiar to the disintegration of the Pliocene voleanie deposits. But as 
to the existence of the latter deposits in this basin, further evidence was 
not observed. 

Lincoln Valley is excavated out of Triassic and Jurassic beds, while 
that portion of the divide still to the north is flanked by a broad terrace 
which gently descends to the westward and terminates in low bluff ele- 
vations which here define the Snake plain. This border terrace has 
much the same character as the above-mentioned outlying Pliocene 
areas, but its mantle of soil completely conceals the nature of the deposits 
of which it is composed. As in the forks of Ross Fork, the basaltic lava 
is again met with in the debouchure of a small stream heading in 
Higham’s Peak, and thence northward these deposits increase in fre- 
quency of occurrence until they assume the entire area in the vicinity of 
the debouchure of the Blackfoot River, from whence they curve round 
to the southward, apparently flanking the eastern slope of this highland 
belt to a point near the south line of the district. 


PLATE IX. 


JURASSIC RIDGE NE. SIDE OF LINCOLN VALLEY. 
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- Near our southern border this belt rises into rather prominent ridges 
which culminate to the south, where they seem to bridge over into 
Mount Putnam in the water-shed between the Ross Fork and Portneuf 
drainages. Just to the north, however, the upland exhibits a broad 
swell over which the Fort Hall and Soda Springs road passes from the 
head of Lincoln Valley, and which was found to be capped by Jurassic 
deposits, which occupy a shallow synclinal flanked on the east by Up- 
per Carboniferous strata more steeply inclined westward. 

The strike of the strata in this part of the ridge is very variable, yet 
with some persistency even in its variableness. As we pass obliquely 
across the divide from a point near our southern line northwesterly to 
the head of Lincoln Valley, the strike in the Carboniferous border de- 
posits swerves round from N. 30° E. to N. 20° W. as we reach the axis 
of the Jurassic ledges, beyond which, in the slope descending to Lincoln 
Valley, the beds again strike about northeast and southwest, dipping at 
a moderate angle to the southeastward. It is, therefore, evident that 
this portion of the divide owes intimate connection with the Putnam 
ridge. But passing only a few miles farther north, in the monoclinal 
ridge flanking the northeast side of Lincoln Valley there were observed 
evidences of an abrupt change in the direction of the disturbing forces 
accompanied by extraordinary local disturbance, resulting in the strata 
being upraised and folded along a line bearing north of west and south 
of east, with local variations in the strike and degree of inclinal which 
it would require much time thoroughly to decipher. 

In the southwest slope of this ridge, even within comparatively short 
distances, of but a few score of yards in some instances, the strata are 
warped from a northerly to north-northeast inclination of 25° to 50° to 
a dip in the opposite direction at angles varying from 65° to 80°. Itis 
possible, as has been suggested by Professor Bradley, whose examinations 
in this quarter were much more extended than my own, that the steep 
southerly dips here noticed mark the position of the dragged and up- 
turned edges of the strata along a line of faulting the downthrow of 
which was to the south, though to what vertical extent was not ascer- 
tained. For the clearer illustration of the facts referred to, the accom- 
panying sheet of diagrams is introduced, which represents the rock 
sections observed in the north-side ridge on Lincoln Valley or Four- 
Mile Creek, from Station III to a point a mile or two to the northwest, 
two or three miles beyond which the Jurassic spur terminates in the 
sage-plain bench east of the Lincoln. At the latter point the limestone 
strata show variable dips, at one place the beds pitching steeply east- 
ward at an angle of 50°, while in a short distance south they incline 
more gently southward. In the southwest slope of Station III, the fol- 
lowing section of Jurassic strata occurs: 


Section at Station III. 


1. Long grassy slope to Four-Mile Creek, no rock exposures. 
__ 2. Gray, heavy-bedded limestone, in two layers, exposed 4 feet; dip 
N. 25° E°., at an angle of 20° to 25°. This ledge appears at a level of 
about 600 feet below summit of station, and containes a large Pseudo- 
Dipl or Aviculopecten, a small Gryphea or Ostrea, Camptonectes, and 
ingula. 
_.3. Layers of brown, weathered, gray limestone, interbedded with 
clayey matter, obscurely exposed in slope. The limestones also contain 
Pseudomonotis. 
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4, Gray limestone, containing numerous small Gryphaea,.. Obscure 
outcrop at a level of about 130 feet above No. 2. i 

5. Slope representing a thickness considerably greater than the differ | 
ence in level between beds No. 4 and 6, probably 100 feet. 

6. Similar gray limestone, with Pseudomonotis, &c.; dips N. 25° E., at 
an angle of 26°. Obscure exposure 40 to 60 feet above No. 4: 

7. Slope, 50 to 100 feet. 

8. Very hard, dark-gray limestone, with small Gryphea?, &c., over- 
laid by a heavy ledge of lighter pinkish-gray limestone, with same fos- 
sils. Strike and dip same as lower ledges. The latter ledges appear in 
a bench, from which the slope sweeps up into the summit over the fol 
lowing beds. 

9. Reddish-tinted shales, obscurely exposed in steep slope covered 
with limestone débris, and representing a heavy deposit, possibly includ- 
ing limestone layers. 

10. Buff-gray, thin-bedded, or shaly, slightly gritty limestone, forminga 
heavy ledge; dip 34°, N.5° W. The lowest outcrop occurs at a level of 
about 250 feet above No. 8, and as we ascend the hill the ledges rise 
showing similar buff-gray gritty limestones, the strike swerving roun 
more and more north of east, until in the summit the beds dip N. 30° 
W., at an angle of 35° to 40°. There is here exposed a thickness of 
above 100 feet of these arenaceous limestones, with shaly partings. Some 
of the layers contain a small Pseudomonotis, Aviculopecten, and other 
fossils prevalent in the lower limestones. 

Apparently the same ledges mentioned under bed No. 10 of above 
‘section form the erest of the ridge to the west-northwest, which here 
bounds Lincoln Valley on the north. In the slope descending into the 
valley from this ridge we meet with the disturbed strata mentioned in 
@ previous page. The first exposure occurs about three-quarters of a 
mile to the west-northwest of Station III, and is that shown at 2, B, in 
accompanying plate. It consists of a heavy ledge of gray limestone, 
exposed 15 feet, dipping 25° to 30°, N. 15° E. It is possibly the equiv. 
alent of bed No. 2 of the foregoing section. Half a mile or so northwest 
of the last exposure, apparently the same ledge appears, associated with 
several others, shown in diagram ©, as follows: a, dark-brown ferru- 
ginous limestone, 10 feet exposed, and dipping at a less steep angle of 
inclination than the overlying beds; b, shales, with dark ferruginots 
limestone layers and concretionary masses, occupying a space 100 yards 
across; c, rusty-gray limestone; d, shales, with dark ferruginous con- 
cretions, space 50 yards across; e, gray limestone, dipping 80°, S. 30° W, 

A short distance to the west the same ledges again dip north-northeast- 
ward at an angleof 35°, as shown in diagram D. Anda quarter of a mile 
or so farther westward the strata again appear ina low ridge, dipping 8. 
25° W., at an angle of 60° to 65° (diagram E). To the west these dé- 
posits are soon lost to view in the débris covered slopes, which latter 
form low bluffs near the stream, in which obscure exposures of reddish, 
indurated arenaceous shales and soft and reddish sandstone débris were 
noticed, but no outcrops by which their relations to the above-mentioned 
deposits might be determined, although they have been compared with 
the “‘ Red Beds” of the Trias. Similar sandstones and chocolate-colored. 
shales, including layers of nodular limestone, occur in the horizon of the 
Triassic beneath the Jurassic strata in the broad synclinal ridge a few 
miles to the southward, and in a more considerable elevation beyond.our 
southern line, and about due east of Mount Putnam, as seen from a disy 
tance, a set of red-colored beds appear in force, which may also prove t6 
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have intimate relationship with the deposits so obscurely exposed in 
Lincoln Valley.. 

The section extending across the synclinal divide, from a point near 
our southern boundary, northwesterly to the head of Lincoln Valley is 
shown in an accompanying plate, which gives such stratigraphical de- 
tails as came under notice in this part of the ridge. The section does 
not, however, pursue a direct course, but it is carried by a series of off- 
sets northwesterly and at right angles to the strike of the strata, which 
was made necessary by the form or direction of the divide. 


Section across the Ross Fork—Lincoln and Blackfoot divide. 


1. Caleareous spring-deposit, evidently quite extensive accumulations 
in the borders of the little basin. 

2. White and buff heavy-bedded sandstone, exposed in bluffs short 
distance below the Ross Fork road. Dip 25°, W. 20° N. 

3. Drab-gray, laminated, fragmentary limestone, lower layerslight and 
gritty, interbedded with buff sandstone. Dip 25°, W. 15° N. 

4, Shaly brown-buff, gritty layers and hard sandstone. 

5. Gray and dark drab fragmentary limestone. Contains a small 
coral like Stenopora, also obscure Lamellibranchiates, a small Pleuro- 
phorus and Schizodus (2). These fossils possess a Permo-Carboniferous 
facies, though they may be found to be associated with others of Upper 
Coal-measure species. This limestone forms a heavy ledge. 

6. Limestone like the above, with black chert. 

7. Space covered with limestone débris. 

- Light-grayish buff and reddish heavy-bedded sandstone. Dip 30°, 

. 30° N. 

9. Sandstone, obscure exposure. 

10. Buff, reddish-brown weathered, very hard sandstone, 8 to 10 feet 
exposed. Dip 25° to 30°, W. 15° N. 

11. Gray, buff-yellow, and brown standstone, interbedded with gray 
limestone. A heavy deposit. 

12. Heavy bed of gray limestone. 

13. Heavy deposit of buff sandstone, generally heavy bedded and 
sometimes granular, with ripple markings and slickenside surfaces. 
Dip 30° to 50°, W. 25° N., curving up into part of an arch. 

14. Obscure ledges of sandstone and possibly limestone. 

15. Gray, gritty, fetid limestone, obscure exposure. 

16. Brittle, buff sandstone, dips steeply westward. 

17. Gray limestone with black chert. Dip 60° westward. Contains 
casts of fossils, an Aviculopecten? and two or three other forms of Lamelli- 
branchiates, Dentalium ? and one or two small forms of Gasteropods, the 
whole group bearing Jurassic facies, but specifically indeterminable. 

18. Soft, reddish-buff sandstone and limestone débris. . 

19. Buff, rusty, rough-weathered sandstone, obscure exposure. 

20. Gray and yellow shaly limestone, fragmentary. 

21. Drab and dark-gray shaly limestone and buff siliceous limestone, 
obscure exposure. Dip 20° to 30°, W. 5° N. 

22, Reddish sandstone and limestone layers and débris. 
ag Gray magnesian ? limestone, with black and pink chert. Dip 25°, 


24, Space, covered with rock débris. 

25. Gray, chocolate weathered, fragmentary limestone. Dip 47°, W. 
25° 8. Contains a small Lingula and an obscurely preserved small, 
coarsely concentrically ribbed Lamellibranch, possibly Trigonia. 
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26. Drab shales, with indurated layers. 
ae . Rusty buff areno-argillaceous indurated layers. Dip 40° to 459, — 

. 15° 8. 

28. Rusty-gray, chocolate-brown weathered, even-bedded limestone. 
Dip 43°, W. 20° S. Contains Aviculopecten?, a small Pseudomonotis ?, 
Camptonectes ?, and a form resembling Mytilus; all common forms in 
Jurassic horizons in this region. There are several layers, at least five, 
of this limestone alternating with softer deposits, making up’ a heavy 
deposit 300 to 500 feet in thickness. 

29. Unexposed space, 500 to 800 yards. 

30. Light-gray limestone, similar to bed 28, showing several layers, dip- 
ping 5° to 20°, EK. to H. 8. E. The upper layer is charged with a small 
Pseudomonotis ? and Aviculopecten. These layers bear a general resem- 
blance in their lithology to those mentioned under No. 28, but their iden- 
tity was not conclusively determined, although it seems very probable. 
From this point, descending to the valley of Lincoln Creek, the strata 
dip very gently easterly, forming the west slope of the synclinal trough, 
the axis of which approximates that of the divide. . 

31. Shaly limestone, like the last preceding, two or more layers. Like 
the preceding limestone layers, the present layers dip gently south of 
east at an angle of 5° to 10°, but soon increasing. to-20°, with im- 
dications of local disturbance in masses. of strata dipping at a steeper 
angle north of east. 

32. Rusty-gray, chocolate-brown weathered, thin-bedded limestone, 
recalling the crest-ledges mentioned under No. 28, also No. 25. 

33. Reddish-buff, thin-bedded sandstone, and variegated, chocolate- 
colored, partially mdurated shales, interbedded with drab-gray, frag- 
mentary limestone. Its equivalent in the opposite side of the synclinal 
was not recognized, although it probably holds a position below bed 
No. 25. 

34. Drab-gray, fragmentary limestone, alternating with partially indu-; 
rated chocolate-variegated shales, imperfectly exposed over a wide space, 
terminating in ridge overlooking Lyncoln Valley, toward its head. 

35. Ledges of pink or pale-reddish, heavy-bedded sandstone, extend- 
ing 150 to 300 feet below summit of above limestone-capped ridge. 

36. Heavy-bedded, gray, gritty limestone, 3 feet exposed, dipping 
gently southeasterly. 

: 37. Grassy slope, showing no exposure of rocks, thence to Lincoln 
reek. 

At the head of the little stream which joins the Lyncoln at Fort Hall, 
a distance of 5 miles east of the post, the ridge rises into a prominence 
on which Station IV was made, 2,200 feet above the plain in the de- 
bouchure of Lincoln Valley. The first rock encountered ascending this 
little stream crowns a low hill on the north side at an elevation of about: 
500 feet above the post, and one and a quarter miles distant. This con- 
sists of reddish, yellow-mottled, coarse sandstone, dipping 20° to the 
southward; bed a. About a mile farther east a heavy deposit of deep red 
sandstone forms the summit of a higher elevation, the beds dipping 25° 
to 30°, W. 15° to 25° N.; bed b. One-half or three-quarters of a mile. 
east-southeast of the last exposure, in the north bluff of a gorge through 
which a branch of the stream flows at this point, a heavy ledge of drab- 
gray limestone appears, in the upper layers of which a few obscure fos- 
sils were found; a Pseudomonotis and a small Ostea-like shell, which ‘in- 
dicate the Jurassic age of the beds in which they occur. The limestone 
shows a variable dip and strike at the several exposures examined, rang- 
ing from 20° to 50°, W. 30° to 80° N.; bed c, These limestones are ap- 
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parently underlaid by red sandstones, the délris of which was seen in the 
surface of an adjacent eminence, a few hundred yards northeast. One 
and a half miles or thereabouts to the southeast of the limestone bluffs, 
a heavy deposit of red, even-bedded, ripple-marked sandstone makes up 
the bulk of a large hill a few hundred yards to the northwest of and par- 
allel with the comb of Station IV. These sandstones dip at an angle of 
45°, N. 25° E.; bed d. The sag intervening between this and Station 
IV ridge is eroded out of a softer, deep-red arenaceous bed (bed e), which, 
together with the sandstone, bears a marked resemblance to the Trias- 
Sic, as elsewhere developed in the district. 

Station IV occupies the summit of a rough-weathered comb, composed. 
of a heavy bed of coarse, red sandstone alternating with conglomerate 
all of which is more or less changed to the condition of a quartzite; bed f 
This ledge dips 45°, N. 15° E., and it may be traced a distance of a mile 
or two along an east-west course; the outcrop in the west spur being 
distinctly visible from Fort Hall, and which forms a higher parallel 
ridge with the Jurassic-capped ridge north side of Lincoln Creek. In 
crossing from Station IV to the latter ridge, a mile or so southwest, the 
upland revealed a single exposure of gray limestone about two-thirds 
the way across, when we come to the northeasterly-dipping, rusty 
weathered gritty Jurassic limestone which caps the Lyncoln Valley 
ridge two to three miles northeast of Station II. 

The strata above noticed are observed to swerve round in strike, the 
sandstones in the border-slopes between Station IV and Fort Hall hav- 
ing a trend almost at right angles to the beds in the station and neigh- 
boring ridges, which latter evidently belong to the uplift of Station LIT 
ridge; while the soft border sandstones show evidence of much complica- 
tion, at one place the inclination changing from that above noticed, 20° 
southward, to N: 25° E., at an angle of 55° to 60°. 

Four miles to.the northward of Station IV, on the culminating point 
of a very similar ridge known as Higham’s Peak, Station V was located 
at an altitude of about 6,600 feet above the sea, or a couple of hundred 
feet lower than the former station. Approaching this ridge from Fort 
Hall in a northeasterly direction, the first two miles passes over the 
gently-rising bench which outlies the foot-hills. The first rock here met 
with is a heavy bed of drab-gray limestone interlaminated with shales and 
light-drab laminated limestone with obscure traces of fossils, showing 
a thickness of perhaps 30 feet, dipping southwestwardly at an angle 
of 25° to 45°. ‘The rock closely resembles the limestone noticed in the’ 
gorge a couple of miles northwest of Station IV, with which it is be- 
lieved to be identical. One hundred yards northeast of the last expo- 
sure a limited outcrop of thin-bedded red sandstone appears, which holds 
an inferior stratigraphical position, and dips 25°, W. 50° to 65° N. 
Within a distance of a mile to the northeast of the last a similar red 
sandstone outcrops in a hill at an elevation of 500 to 600 feet above the 
limestone exposure, showing an inclination of 37°, W. 25° S.; and in 
the saddle a few hundred yards northeast a heavy-bedded, coarse, pink- 
ish-white, and reddish sandstone dips beneath the foregoing at an angle 
of 35°, W. Thence ahigh, undulating, grassy upland with no rock ex- 
posures is crossed, 1} to 2 miles, when a deep ravine half a mile south- 
west of Higham’s Peak is reached, where the lower strata consist of 
limestones affording Carboniferous fossils, succeeded by soft buff and 
chocolate-red variegated sandstones and sandy shales and heavy ledges 
of grayish-buff and reddish sandstones and conglomerate, including a 
layer of cherty limestone with crinoidal remains; the whole making up 
a thickness of ‘several. hundred feet of much-disturbed and apparently 
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overturned strata, which form the crest and higher shoulder of the 
ridge. 

The section here alluded to is given in an accompanying plate, and 
described below: 


Section through Higham’s Peak, Station V. 


1a. Porous, buff, magnesian limestone, 2 feet exposed. 

1b. Two thick ledges of heavy bedded, drab, brittle limestone, can- 
cellated structure in places, separated by a space of about 40 feet. Dip 
variable, the lower ledge at. one point inclining at an angle of 30°, N. 
15° W., the upper one dipping 15° to 20°, N. E. 

1c. Slope 80 yards across, and representing a heavy bed of shaly ma- 
terial, the limestone débris affording a few imperfect Carboniferous fos- 
sils, crinoidal columns, Spirifer, Myalina?, Aviculopecten. 

1d. Several layers of limestone, forming a heavy deposit, at the base 
drab, followed by buff-mottled thin-bedded layers, with chert nodules ; 
light gray, compact, thin-bedded limestone; dark drab-mottled lime- 
stone, minutely cancellated, fragmentary, containing a large Lamelli- 
branch. These beds are very variable in inclination, dipping 40° to 80°, 
N. 25° E. to N. 5° W. 

2. A wide space, showing obscure exposures of generally soft, buff 
sandstone, probably included in shaly deposits, with harder, thin-bedded, 
chocolate-red variegated sandstone layers; on the south occurs thin, 
indurated buff arenaceous layers, mingled with red sandy indurated 
shales, with small sand nodules, interbedded with buff firmer sandstone. 

3. Dark red sandstone, forming low comb, 220 yards south of bed 4, 
and 300 yards north of No. 1d; dip and strike variable, 70°, N. 45° E., 
and 80°, S. 50° W. 

4, Coarse, sometimes conglomeritic, neavy bedded, light and reddish, 
laminated and cross-bedded sandstone, forms a rugged comb parallel 
with but lower than Station V ridge 400 yards north. Dip in crest, 60° 
to 70°, S. 50° W., and on the south side 80° to 85°, S. 10° E. 

5. Drab cherty limestone, below almost pure chert, with small crinoidal 
columns, forming a ledge exposure 50 yards across.- Dip 62°, 8. 45° W. 

6. Deep red arenaceous shales, interlaminated with hard red and light 
creamy mottled sandstone layers, exposed in saddle 70 yards across. 

7. Hard, thin-bedded, buff and reddish, laminated, rarely ripple- 
marked, sandstone, forming a heavy deposit in summit at Station V, 
300 yards across the exposure. Dip 30° to 85°, W. 20° to 40° 8. 

8. Heavy bedded, drab, brittle limestone, dipping southwesterly at a 
more moderate angle of inclination. Exposed in northerly slopes 300 
feet or more below summit. 

9. Drab indurated calcareous deposit, dips southwesterly at a steeper 
angle, but showing obscure exposures. 

It will be observed that the strata at this locality exhibit considerable 
variability in the direction and rate of strike and inclination, with, how- 
ever, marked conformity to the ridges on the southwest, showing that 
their upheaval was due to the same set of dynamical actions which 
folded the Mesozoic strata in the ridges of Stations III and IV. The 
limestones No. 1, from their fossil contents, are probably referable to 
late depositions of the Carboniferous period. But owing to the insuffi- 
ciency of our data, in consequence of: the isolated position of the ridge, 
it becomes a matter of conjecture in attempting the correlation of these 
beds with deposits elsewhere observed in this region and their connec- 
tion with undoubted Mesozoic deposits which outcrop at a distance and 


PLATE XT. 


A. Section in N.W. flank of Higham’ Peak. Higham Peak (staV) 
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lower level on the western slope of the highlands, to bring the whole 
into intelligible relationship. Hence I have preferred to give a rather 
full statement of the facts observed, which, in connection with the sec- 
tion diagram, will, I trust, be readily understood. 

Between two and three miles northwest of Higham’s Peak, in the low 
bluff-borders of the little stream which descends from this point into the 
plain, an exposure reaching several hundred feet in thickness, consisting 
of buff and reddish, thin-bedded sandstone was observed, dipping 35°, 
N. 20° W. Half amile lower down the stream, a less extensive outcrop 
of reddish sandstone shows an inclination N. 35° E., at an angle of 609°. 
These deposits are probably identical with the sandstones north of the 
Coldwater, a couple of miles east of Fort Hall, mentioned on a preceding 
page. They are here seen to form a low ridge of hills, which in a short 
distance to the northward sinks beneath the high volcanic benches which 
fill the debouchure of the Blackfoot and which occupy a wide belt along 
the eastern margin of the highlands descending to the Blackfoot. Wher- 
ever these sandstones are exposed in this western border belt on the 
margin of the plain they show unmistakable signs of confused disturb- 
ance, which in certain localities seem to amount to non-conformity with 
the Jurassic limestones in their immediate neighborhood. But not the 
slightest evidence of an organic nature was detected by which their 
age might be fixed, while, as above intimated, the other evidence is so 
confused as to afford little light in so important a determination. 

To the southeast a group of low hills and upland basins intervene be- 
tween the Blackfoot and the southern portion of the highland divide 
above described, which on the east show tilted Jurassic limestones and 
sandy beds, inclining southwesterly, and which belong to the south- 
western flank of the system of folds just across the Blackfoot in the 
vicinity of Stations XII and XIII, hereafter to be described, and which 
are evidently intimately related to the disturbed belt between Stations 
lil and V. There are two principal upland swells, separated by shallow 
basins which drain north into the Blackfoot, the western basin also 
draining south into the Portneuf. The eastern basin is floored by basalt, 
while the western one shows stretches of marshy, bitter flats, bordered 
by low benches, with extensive spring deposits of calcareous tufa which 
in places form quite extended benches in the borders at the foot of the 
steeper acclivities. The springs which built up the latter deposits have 
become almost extinct, though a few feebly-flowing ones are still to be 
seen. 

The eastern ridge is based on the Jurassic, which to the southward 
probably rises up into more prominent ridges. But in this quarter the 
bulk of its mass consists of the light marls and white limestones of the 
Pliocene, which dip 20° to 25°, N. 30° E., the summits of the ridges, as 
at Station XXX, being formed of cappings of trachyte and basaltic 
lavas, dipping in the direction of the Blackfoot, or northeasterly at an 
angle of 15° to 20°. Hence the tilting of these late Tertiary beds must 
be attributed to forces acting elsewhere than in the belt of Jurassic folds 
just over the Blackfoot in Station XIII. The light cream-colored lime- 
stones are perforated with the numerous molds of fresh-water gastropoda, 
a species of Melania? being especially abundant and often the only fossil 
found in these beds. Both in their lithology and organic remains, these 
beds are unmistakably like deposits observed by Dr. Hayden, in 1871, 
in the region of Great Salt Lake Basin to the south, and which are also 
mentioned by Professor Bradley, who visited the same districts during 
the following season, where they are referred to late Tertiary or Pliocene 
age. 

2268 
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The broader upland ridge next west is covered with a fine soil, with 
some water-worn débris of red sandstone, quartzite, and gray ’lime- 
stone. On the western border, in the ravines which cut the abrupt _ 
slope on this side, heavy ledges of conglomerate are met with, dip- 
ping 10° to 20° in a northeasterly to “southeasterly direction, and 
reaching a tuickness of at least 300 feet, probably much more. These 
deposits are quite variable in their lithological aspect, Sometimes appear- 
ing as coarse sandstones easily crumbling, again showing a conglom- 
erate structure made up of water-worn pebbles and small bowlders of 
quartzite, limestone, trachyte, and basalt, arranged in more or less dis- 
tinct layers and cemented with a fine light-drab paste. The deposit is 
probably identical with similar accumulations occurring elsewhere in 
this region, which have been provisionally referred to volcanic origin. 
To the north the ridge rises into a high point, which is capped by 
westerly-inclined volcanic ledges, and which once formed a continuous 
‘Sheet with the wide belt of flows filling the Blackfoot Valley. 


BLACKFOOT RANGE. 


Parallel with, and lying a few miles to the northeast of, the cationed 
‘course of Blackfoot River, the country rises into a low range of mount- 
‘ains, which forms the divide between the latter stream and a wide 
basin which drains northward through Willow Creek into the Snake 
Plain. This range, known as the Blackfoot Mountains, has a north- 
northwest and south-southeast extent of some 20 to 25 miles, and with 
the lower parallel ridges on the west a breadth of 4 to 7 miles. To the 
south the main ridge gradually sinks into a low plateau and level basin 
‘expanse, through which lies the upper course of Blackfoot River and 
the sources of Willow Creek, while to the north it divides, sending off 
‘a low rocky spur, across which Wolverine Creek has cut a picturesque 
caivon, the eastern and more rugged branch culminating in Blackfoot 
Reak, a high dominating point near the northern end of the range, 
which attains an altitude of 7,400 feet, or about 2,600 feet above the 
Snake Plain. The southwestern face of the range presents a compara- 
tively bare, rocky escarpment, the opposite slope. falling away in succes- 
sively lower branches, and is more or less densely clothed with pine and 
spruce forests and thickets of undergrowth. 

Our route of approach followed the Blackfoot, which, just before it 
emerges into the plain at the northern bend, has cut a deep narrow 
gorge through the volcanic rocks which incline at a moderate angle in 
the direction of the plains, and which form the coping of a line of ‘pints 
along the west side of the Blackfoot above the cation, south. In the 
lower walls ef this cation, Dr. Hayden, who visited the locality in 1871, 
found heavy ledges of rusty weathered quartzite, overlaid by Carbonifer- 
ous limestone, all dipping steeply to the northeast. In the north side of 
this caiion the way passes high up over the basaltic ledges, which bury 
the sedimentaries beneath an accumulation of several hundred feet 
thickness of voleanics. 

Wolverine Creek joins the Blackfoot at this point from the east, its 
lower course lying in a narrow valley with sloping débris benches on 
either hand, on the north covered with cedars and merging into the vol- 
canic foreland, which sweeps down to the level of the plain i in that direc- 
tion, the south side acclivities rising in smooth, grassy curves up into 
isolated trachytic demes which mark the remnant of a once extensive 
flow dating back to the earlier period of voleanic activity. 

The first limestone ridge, or the western spur of the Blackfort Range, 


PLATE YX. 


Confluence of the Blackfoot and Wolverine. (Looking S.W.) 
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a.Trachyte-capped bhuttes. Bb. Upraised basait benches, Blackfoot Canon. 


ms 
\ 


th 
ee 


eT. JOHN.] BLACKFOOT RANGE—SECTION. 339 


is reached in about four miles from the mouth of the creek, and it is bro- 
ken through at this point by a narrow gorge, which is walled in by pre- 
cipitous exposures of Carboniferous limestone, dipping at angles of 40° 
to GU°, southwestward. A short distance to the northward of the Wol- 
verine Canon the limestone ridge ceases, the volcanics rising up all 
around the northern end of the range, where the edges of the upraised ba- 
salt are shown in abrupt benches facing the range and sloping off toward 
the plain in a series of broad, gentle terraces. The cavernous rocky 
ridge harbors multitudes of rattlesnakes whose magnanimous alarm was 
a continual warning to exercise wariness while prosecuting geological 
studies in their neighborhood. 

The Wolverine opens out into a beautiful little mountain-basin wedged 
in between the two branches of the range, on the south bounded by 
rugged, wooded hills, which send down sharp spurs, and on the north 
undulating grass-covered slopes interspersed with groves of aspen de- 
scend from a high ridge on the north in which obscure indications of 
limestone ledges and heavy masses of vesicular trachytic lava are seen. 
This basin is about 2 miles across. To the northeast an isolated cluster 
of hills culminates in Blackfort Peak, the whole southwest flank of which 
is plated with several hundred feet thickness of limestone and siliceous 
beds, probably belonging to the upper measures of the Carboniferous. 
The outcropping edges of the several ledges form the crests of so many 
spurs descending from the summit and in the southwest flank of the 
mountain, cut by narrow ravines with intervening broad ridges which 
fall steeply into the valley over the inclination plane of the beds. On 
the northeast side the mountain descends even more abruptly, the face 
being broken by outeropping edges of limestone, into a deep valley 
which separates it from the low outlying hills in that direction. Hence 
it is seen that the Blackfoot Peak forms the crest of a monoclinal whose 
axis lies in a general northwesterly and southeasterly direction, the 
strata varying in strike from W. 35° N. to N. 15° E., and dipping west- 
erly and southwesterly at angles of from 25° to 45°, even becoming more 
steeply inclined toward the southwest foot of the mountain. The section 
observed at this locality exhibits the following series of strata, the ac- 
companying diagram connecting the two great spur-branches of this 
part of the range along a line E. N. E. and W. 8. W. 


Section across the Blackfoot Range through Blackfoot Peak, Station VI. 


1. Bluish limestone débris in slopes of ravine southwest foot of Black- 
foot Peak. 

2. Intensely hard dark bluish-gray hornstone, standing nearly vertical, 
and crossing the foot of the mountain in a N. W. and S. E. direction. 
The ledge sometimes weathers in two parallel combs, perhaps 10 feet in 
thickness, and which may be traced some distance, appearing like a dike 
thrust up in the surface of the slope. 

3. Butt siliceous débris, or quartzitic fragmentary sandstone. 

4, Bluish-gray siliceous limestone, containing small crinoidal columns; 
a heavy ledge, aipping southwestward at an angle of 45°. 

5. Butt and bluish, fragmentary siliceous beds or quartzitic sandstone, 
forming a heavy bed. 

6. Bluish-gray, heavy-bedded, spar-seamed, cherty limestone, inter- 
laminated with buff siliceous layers, containing obscure traces of fossils, 
Spirifer, Hemipronites, Athyris. This set of beds rises up into the sum- 
mit of Station VI, where they incline at an angle of 35°, 8. 359 W. At 
a lower level on the northwest spur, the same beds dip 45°, W. 15° S. 
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7. Gray, spar-seamed limestone, appearing in the northeast face of the 
' mountain in successive low mural exposures. 

The vertical thickness of the beds exposed in Blackfoot Peak is diffi- 
cult to estimate with a degree approaching nearer than a rough approx- | 
imation; but it probably amounts to above 2,000 feet, including the 
upper siliceous horizons of the Carboniferous, but not showing the super- 
imposed ‘“‘red-beds,” or Trias, but which, itis believed, may exist between 
the two main ridges of the range at this locality. The connection of the 
beds occurring in this eastern ridge with the Carboniferous ledges which 
make up the west or Wolverine ridge was not actually traced, the inter- 
vening space in the upper basin of Wolverine Creek showing no out- 
cropping ledges trom beneath the detrital materials which compose its 
rounded, grassy slopes; but it seems highly probable that the beds com- 
posing the latter ridge occupy a lower stratigraphic position than the 
crest-ledges in Blackfoot Peak, and to account for their present relative 
position it seems within reason to infer either the existence of a line of 
dislocation of the strata, or, perhaps, a fold, the axis of which lies within 
the area included in the depression of the upper basin of the Wolverine. 
The latter supposition is hinted in the section across the range along the 
course of the Wolverine, given in an accompanying diagram, and it would 
appear to be the more plausible of the two inferences in explanation of 
the stratigraphic relations of the east and west ridges. 

The view from Blackfoot Peak, which is rather conspicuous from its 
isolation than on account of its relative height, is both extensive and 
very fine. Although our first view of the Tétons was had from Mount 
Putnam, nearly 30 ‘miles to the southwestward, from the present mount- 
ain the "first objects that arrest the attention are the great obelisks 
which dominate our district and which rise up orandly away to the 
northeastward 60 miles distant, their pedestal of mountain plateau, at 
this season of early summer, showing nearly an unbroken field of snow, 
above which the bare rocky cones spring to heights 12,000 to near 14,000 
feet above the sea. Intervening, the lower range of the Snake River 
Mountains hides the great foreland slopes of the Téton Range, and nearer ~ 
still a belt of wild, “broken hills, and a broad basin-depression with 
isolated low ridges, ‘mark the position of the Caribou Range and Willow 
Creek basin, which occupy the country between the Snake River Range 
and the Backfoot Mountains. The northern termini of all these mount- 
ain and hill ranges present the volcanics gently upraised in successive 
benches, which sweep down in graceful curves into the great plain of 
the Snake, the same on the Blackfoot Mountains as on the Caribou and 
Snake River Ranges and the lesser ridges in the foreground. To the 
south the wooded ridges of the southern continuation of the main ridge 
of the Blackfoot Range shut out the view and a clearer exhibition of 
the geological features alike. 

In the foreground just to the east of Blackfoot Peak occurs a narrow belt 
of low ridges, in whose southwest slopes obscure outcrops of soft yellow- 
buff deposits ‘interlaminated with harder layers, occur, overlaid by varie- 
gated pale-reddish clays in bands, dipping off to the northeast at a mod- 
erate angle of inclination, and making up a thickness of several hundred 
feet. In the absence of fossils it may "be a matter of conjecture in assign- 
ing these deposits to their proper place i in the geological seale, while their 
relations to the Carboniferous beds in the monoclinal ridge from whose 
toot they incline is enveloped in some uncertainty from the same cause. 
They are believed to be the equivalent of certain deposits, possibly rep- 
resenting early Tertiary or Laramie Group beds; but their position in 
relation to the well-determined age of the beds in the mountain crest 1s 
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PLATE XII. 


A. Section across northern end 
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B. Section across the Blackfoot Range, through Station VIM. 
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C. Section across the Blackfoot Range, vicinity of Threc-Pine Cr. 
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not so clear. Their tilted condition points to a time of elevation, but 
whether it was contemporaneous with that which uplifted the Carbon- 
iferous beds, or whether it marks a later period of elevation in the range 
or subsidence in the basin area along its eastern foot, our examinations 
failed to show. To the south, where we touched the range, the slopes 
lie over débris and voleanic deposits which effectually conceal the un- 
derlying rock strata, until gaining the higher portions where the Car- 
boniferous again appear, and which constitute the bulk of the range 
throughout. 

South of the Wolverine gorge, 4 or 5 miles, the range is again cut by 
Elder Creek Caiion, a branch of which also rises in the range just south 
of Station VII, in which similar exhibitions of Carboniferous limestones 
were observed. In the summit of Station VII a thickness of a hundred 
feet or more of dark bluish and gray, spar-seamed, cherty limestone is 
exposed, the ledges dipping west of south at an angle of 30° to 40°. To 
the north the strike seems to trend more to the northeast, at one point 
noted, E. 15° to 25° N., the strata uniformly dipping to the southward 
at angles ranging from 25° to 40°. A heavy, even-bedded, dark bluish- 
gray, rather coarse, even-textured limestone, with drab thin-bedded or 
shaly partings, forms the upper 50 feet of the summit, and is charged 
with fossils of a Lower Carboniferous facies, a large and small species of 
Zaphrentoid corals, Chatetes ? Stictopora, Fenestella, Polypora, Spirifer, &e. 
On the surface of a layer only a few feet below. the crest, exposed in a 
narrow shelf on the northeast side of the ridge, a few species of Selachian 
teeth were found, representatives of the genera Aniéliodus, Petalodus, 
Cladodus, Helodus, and fragments of Deltodus. The discovery of the 
latter fossils, forms with which I had previously acquired some familiar- 
ity, was like meeting old acquaintance; and to one familiar with the 
occurrence of similar remains in the Lower Carboniferous rocks of the 
Mississippi Valley, their presence here afforded nothing in contrast with 
their abundant prevalence and association in some of the lower members 
of the earlier period of the Carboniferous in the region of the Upper 
Mississippi. Indeed, the occurrence of the fossils, as also the lithological 
character of the rock, to say nothing of the specific relations of the cor- 
als, mollusks, and fishes, is so like what obtains in the Keokuk lime- 
stone of the east as at first thought to preclude the supposition of mere 
resemblances instead of actual identity. But, unfortunately, it was not 
possible to ascertain with precision the exact position of these deposits 
in the few thousands of feet which sum up the thickness of the Carbonif- 
erous rocks of this region; more than that the present beds undoubtedly 
occur low in the series, and their contained fossils have not as yet afforded 
a single form peculiar to the Upper or Coal-measure division as it is 
recognized in the Western States. In the instance of the fish-remains 
above alluded to, the facts are still more strongly in favor of the Lower 
Carboniferous age of these beds; one of the genera, Antliodus, being 
confined in its vertical range to the lower division, while of the other 
forms found not one is referable or even nearly allied to Upper Carbon- 
iferous species. 

The whole southwest slope of the mountain at this locality is composed 
of a facing of Carboniferous limestone. The steep slopes lower down are 
strewn with more or less water-worn débris, consisting of limestone, red- 
dish sandstone, and quartzite pebbles, which in the debouchures of the 
little streams are molded into terraces. At the foot of the ridge the 
country rapidly slopes away and soon enters the region of the bordering 
volcanics which fill the Blackfoot Valley at this point, and which rise in 
long, grassy ascents into the smooth, rounded hills capped by trachytes 
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which show here and there in reddish fragmental ledges. The country 
is covered with a brownish-buff soil, which sustains a good growth of 
excellent herbage. Little streams of pure water flow down from the 
range, opening into pretty intervales bordered by willows and ponded 
by beaver-dams. We were inclined to imagine it a sort of Arcadia, in 
which the rough duties of our every-day life were blended with unex- 
pected exhibitions of latent sentiment, transforming the camp into sem- 
blance of home, which with regret we daily abandoned, only to find the 
next spot equally pleasantly selected and our evening board decorated 
with charming floral displays, the welcome almost daily prepared us by 
our young men. 

Between Stations VIT and VIII the crest of the range trends more to 
the southeast, and is broken down in a wide recess which opens south- 
westerly into the Blackfoot Valley, and which is filled with smooth, wave- 
like hills, which rise in successive benches and culminate in trachyte- 
crowned summits but little lower than the crest of the main range. One 
of these eminences, situated in the mouth of the recess, and nearly in 
line with and almost midway between Stations VII and VIII, consists 
of brownish-red and drab trachytie rock, which occurs ‘both in large 
blocks, rounded by atmospheric action, exfoliating in concentric layers, 
and in thin, even-bedded layers, which gently meline north-northeast. 
The break drains west by Elder Creek, and south by a similar affluent, 
Gravel Creek. To the northwestward, the sections exposed in the ra- 
vines show the limestone strata in nearly horizontal position, or gently 
inclined from east to west; but this appearance is due to the course of 
the caiions following nearly the direction of strike of the ledges, which 
are elsewhere observed to dip in a general southwesterly direction at 
angles of from 25° to 60°. Ascending the southern continuation of the 
range, at a point to the northwest of Station VIII, where Gravel Creek 
enters a part of its course sustained by a huge retaining-wall of lime- 
stone, through which it breaks near the foot of Station VIII and flows 
out southwesterly into the valley, the Carboniferous beds again appear 
in foree, grayish-blue, spar-seamed limestone, with crinoidal columns 
and Zaphrentis, dipping W. 5° S., at an angle of 30°. The same beds 
form the wall along the west side of the creek, in which they appear in 
horizontal lines conforming to the strike of the strata, and weathered 
in picturesque castellated forms, pierced with caverns and apertures. 
The mountain slopes steeply to the stream, its face buried beneath the 
angular débris fallen from above. <A little farther to the southeast these 
strata have trended round more to the west, dipping 35°, 8. 859 W. in 
the saddle, a short distance northwest of Station VII, the axis of a fold 
lies near and parallel with the crest, the beds dipping on the one hand 
15° to 259, N. 25° to 35° E.; and nearer the station the crest is formed of 
ledges abundantly charged with a form of Lithostrotion, Zaphrentis, S&e., 
and dip 8S. 30° W., at an angle of 40°. Standing on any part of the 
crest in this vicinity, the wavering direction of the strike of the rocks 
is plainly traced, curving in and out, the angle of inclination gradually 
steepening, until, on the southwest flank, it reaches nearly 60°, S. 50° 
W., but so variable, even in this short distance, that only the aggregate 
of many observations give the mean of the rate of dip and direction of 
strike of the ledges which make up the mountain ridge. Descending 
from Station VIII, in the south end of the low ridge confining Gravel 
Creek to the foot of the mountain for a part of its course, and just south 
of the point where the stream forces a passage through to the valley, 
an interesting example of cleavage is seen, which at first sight might be 

| mistaken for the bedding. The limestone rises up in a steep face, front: - 
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ing the neighboring mountain slope, as though the beds had been sud- 
denly upturned or overturned, the weathered cleavage structure being 
so marked as to give force to the deception; but a careful examination 
reveals the true planes of bedding, which, though obscure, agree with 
the general southwesterly inclination of the strata in the adjacent mount- 
ain declivity. The fossils noted in these beds consist of crinoidal re- 
mains, two or more species of Zaphrentis, a Lithostrotion, resembling L. 
proliferum, though distinet from that form; Spirifer, and Huomphalus. 
The limestone is interlaminated with dark cherty bands, and more or 
less intersected by seams of cale-spar; at one point on the southwest 
shoulder of the main ridge it shows an intercalated pale-reddish sand- 
stone bed, the presence of which is regarded as indicating the approach 
to the upper member of the series, as it seems to be developed in this 
region. 

After emerging from its cafion, the course of Gravel Creek crosses 
a belt of rolling, grassy foot-hills, which form rather steep bluffs along 
the stream 200 to 300 feet in height, and which are made up of a curious 
aggregation of coarse materials arranged in more or less distinct layers 
and inclining at a moderate angle, 15° to 20°, in the direction of the 
mountain barrier, rising to the southwest and terminating in low, rounded 
domes or ridges. These deposits are made up of an aggregation of more 
or less abraded fragments of reddish sandstone, drab, and dark-blue 
Carboniferous limestone, pebbles of white cale-spar and chert, held ina 
matrix of very fine pinkish paste. Where it shows in heavy, weathered 
masses, it presents the appearance of abreccia-conglomerate, thematerials 
being arranged in courses. Sometimes the coarse materials are replaced 
by the pinkish paste, which often weathers away leaving miniature cav- 
erns. These deposits appear to have some connection with the volcanics 
of the vicinity, and from the nature of the cementing material or matrix 
it seems very probable that their relations are more intimate with the 
trachytes than with the later basaltic flows, a sort of volcanic conglom- 
erate laid down in water. . 

Immediately southeast of Gravel Creek a shallow trough skirts the 
foot of the range, gradually deepening its bed for a distance of two 
or three miles, when it enters a defile between limestone ridges, in which 
the strata incline away from the mountains southwesterly. The gladde- 
like upper portion of the little valley occupies a trough whose outer 
rim is formed by the gently southwesterly upraised breccia-conglom- 
erate, and whose surface of fine soil still retains traces of numerous 
but long-abandoned buffalo-wallows, and an occasional bleached, half- 
inhumed skull. After continuing its course in a monoclinal trough 
between the Carboniferous limestone ridges a distance of a mile or so, 
it receives an affluent from the mountains and suddenly bends south- 
westerly, and thence for nearly a mile it pursues its course, choked with 
beaver-dams, directly across the barrier ridge, and emerges into the 
valley. Soon after entering this lower gorge the limestones are observed 
to dip northeastwardly at an angle of 30° to 46°, the strata holding the 
same inclination to the debouchure, where the lower deposits are con- 
glomeritic, which latter shows a low outlier on the west side of the 
stream a little lower down. Still below, the breccia-conglomerate again 
appears in the steep bluff acclivities, the latter deposit also dipping 
northeasterly. These latter deposits are here also accompanied by the 
peculiar rounded, bluffy, superficial features before mentioned as char- 
acteristic of these beds, and it is further notable, in explanation of the 
relative age of these supposed, in part at least, voleanic deposits, that 
as soon as we gain the higher slopes just to the southeast the surface is 
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based upon the dark steel-gray basalt which farther on impinges directly 
against the limestone in the foot of the mountain at Station LX, over- 
lying or filling eroded depressions in the breccia- -conglomerate. The | 
basalt slopes ovadually to the westward towards the Blackfoot, forming 
the walls of the cation in which the stream is inclosed along this part of 
its course. The upland basaltic slopes are generally covered with a 
finely-pulverized brown soil, which nourishes good pasturage. Occa- 
sionally on some of the higher tables areas of bare, rough-weathered 
basalt occur, strewn with more or less weathered bowlder-like masses of 
the same rock. Wedo not again meet with the breccia-conglomerate 
nor trachyte after leaving the Three-Pine Creek Cation, the basalt thence 
continuing southeasterly all along the southwest foot "of the range into 
the upper basin of the Blackfoot. But the recess which penetrates and 
cuts auite across the range in this vicinity and just northwest of Sta- 
tion IX, and which marks the site of an anciently-eroded depression 
across this part of the range, is filled with herbage-covered hills, 
whose peculiar imbricated contour, sloping in the direction of the 
Blackfoot, recall the characteristic surface-features associated with the 
breccia-conglomerate, as before noted on Three-Pine and Gravel Creeks. 
Farther within the recess, and nearly in line with Stations IX and X, 
a sombre, massive, rounded hill forms a rather prominent landmark in 
the sag of this part of the range, and which is probably also of voleanic 
origin. In this connection should be remarked the resemblance of the 
above-mentioned breccia-conglomerate deposits to certain deposits met 
with west of the Blackfoot, near our southern border, described in a 
preceding page, and which will probably prove to be identical, and 
possibly these deposits are the equivalent of the interlaminated Pliocene 
and porphyritic trachytic beds mentioned by Professor Bradley outlying 
the Putnam ridge north of Ross Fork on the border of the Snake plain. 
To the southeast of Three-Pine Creek Cafion the range gradually 
diminishes in height, the southwest face still retaining its abrupt charac- 
ter, the opposite side of the range falling down over a series of parallel 
wooded ridges into the voleanic slopes of the basin to the northeast. In 
the southwest flank of the ridge, at Station LX, a fine exhibition of the 
Carboniferous deposits is met with, the beds lapping up on the mountain- 
side and showing a series of dark ‘pluish- gray limestones, with irregular 
nodular masses of black chert and spar seams, and containing Ctenacan- 
thus, crinoidal columns, Zaphrentis, Lithostrotion, &c. The beds inthis 
section exhibit quite variable direction of strike and degree of inclina- 
tion, scarcely two exposures agreeing, although showing a near approx- 
imation to a dip ranging from 25° to 40°, S. 40° W.; the variation in 
strike ranging from 8. 10° EK. to 8. 50° W. as determined from exposures 
near the crest and in the outlying ridges to the northeast, while at other 
points in the west slope the beds locally dip at various angles, 45° to 709, 
S. 10° W. On the southwest slope, however, the beds are much inter- 
sected by cleavage and joint structure, gr eatly obscuring the true bed- 
ding, which at few points is satisfactorily revealed. To the northwest 
of the station an intercalated bed of pale-reddish, fine-grained, laminat- 
ed sandstone, almost a quartzite, shows in much broken up exposures, 
which hold a position beneath the limestone occurring in the crest at the 
station. As before mentioned, the basalt of Blackfoot Valley is seen 
but a short distance from the foot of the mountain, and it doubtless im- 
pinges against the limestones at this poimt. To the northeast similar 
basaltic flows rise even higher on the flank of the mountains on that 
side, concealing the. character of the sedimentaries in that quarter. 
From the summit of Station X, which occupies the highest southern 
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point of the range one mile southeast of Station TX, from which it is 
separated by an intervening depression, a comprehensive view of the 
range to the northwest is gained, sharply bringing out the voleanic-filled 
recess between Three-Pine Creek and Station LX, and a wide belt of 
the range stretching between Station VIIT and Blackfoot Peak, more to 
the north. On leavi ing the basaltic bench, in the southwest foot of the 
ridge three-fourths of a mile from the summit occurs a heavy deposit of 
fragmentary buff siliceous rock, interbedded with bluish and gray spar- 
seamed and sometimes brecciated limestone beds, sueceeded nearer the 
erest and in the northeast slope by siliceous limestones, which make up 
the entire bulk of the ridge. The limestones afford characteristic Car- 
boniferous fossils. The prevalence of minute forms, chiefly Gasteropoda 
and a few Lamellibranchs, strongly recalling the faunal characteristics 
of the Warsaw beds of the Lower Carboniferous in the region of the 
Upper Mississippi. There was also found here in some numbers a minute 
Foraminiferous form, which is quite unique. The section of these depos- 
its in Station X ridge reaches a vertical thickness of above 2,000 feet. 
Although exhibiting local eccentricities which indicate that the beds 
have undergone a degree of crumpling, the inclination of the strata is 
quite uniform to the northeastward, or ranging from 15° to 70°, N. 10° 
to 70° E. Looking toward Station IX ridge from this point, it is evi- 
dent that the strata in Station X belong to the northeast flank of a fold 
lying to the southwest of that which runs through the former station, 
and ‘that the intervening depression occupies the ] position of a synclinal, 
which may correspond to the synclinal depression observed along the 
upper course of Three-Pine Creek, before referred ee 

Passing along the mountain ridge to Station XI, 24 miles to the south- 
southeast, the same series of upper limestones continue, showing the 
same general inclination, or dipping at an angle of 30° to 45°, N. 15° to 
75° Ki. In the erest at Station XI the rock is a rough weathered blue 
and gray silicious limestone, bearing Producti and Stictopora, and dip- 
ping 30°, N. 20° E. This point is about the last high eminence on the 
range, to the southeast of which the country rapidly approaches the 
condition of a low divide, which projects southward into the basin of the 
Blackfoot. Descending the southwest flank of the ridge, two lower par- 
allel ridges are crossed before gaining the basaltic plain, in the first of 
which appears a brown-stained grayish limestone and fine indurated 
arenaceous shaly layers, containing obscure casts of Lamellibranchs 
(Aviculopecten ?), Lingula, &e., the strata inclining at an angle of 30°, N. 
45° W. But in the spur just to the westward, corresponding to this 
aaa the same ledges are tilted to a nearly vertical position, or dipping 
80°, N. 30° E. These ledges are traced some distance along the face of 
the ridge, the strike curving in and out, and often forming low combs 
or hog-back outcrops, the extent of the exposure reaching several hun- 
dred feet, though difficult to determine with accuracy. The outlying 
and but little lower ridge, which is less than half a mile distant from 
the former, is apparently made up of similar deposits, showing brownish- 
red shaly sandstone and dark, slightly-gritty limestone, which, in the 
southwestern slope, facing the valley, dips 45°, 8. 20° W. Hence, in 
passing from one ridge to the other, the axis of an abrupt anticlinal fold 
is crossed. Such evidence as is afforded by the poor condition of the 
fossils and the lithological pecularities of the beds above described seems 
to leave little doubt as to their Jurassic age; but to account for their 
position in relation to the Carboniferous ledge es which form the mass of 
the main mountain ridge against which the Jurassic beds impinge, hold- 
ing nearly the same inclination along the northeast tlank of the anti- 
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clinal, recourse must be had to something more than mere folding of the 
strata, a force which severed their stratigraphic continuity by a fault, 
with a downthrow on the southwest amounting probably to at least two | 
or three thousand feet. The strata in the adjacent mountain-crest may 
be sately regarded as holding a position below the middle of the Car- 
boniferous series, as developed in this region, and the downthrow has 
involved the remaining upper portion of the Carboniferous, the whole 
of the Trias, and the lower measures of the Jurassic. Tracing the course 
of the fault, it apparently soon runs out into the Blackfoot Valley to the 
northwest, while in the opposite direction it skirts the southwest flank 
of the Blackfoot Range and disappears beneath the voleanics which en- 
velope the southern terminus of the range. 

Passing around the southern end of the Blackfoot Range, our way led. 
up over a highish platform of basalt, which appeared in rugged, sombre 
exposures, and at one point presented the appearance of a cascade, the 
igneous matter, as it were, having overflowed a depression from the east- 
ern basin, forming a connection with the flow that filled the Blackfoot 
Valley. This locality may be in the neighborhood of three miles south- 
eastward of Station XI. Immediately to the south, in the summit of 
the low divide in which the range is continued a little farther, the bluish- 
gray spar-seamed Carboniferous limestones show in limited exposures, 
dipping off to the northeast ; and still farther to the southward, in the 
extreme end of the divide facing the upper basin of the Blackfoot, at 
a later date of our visit similar deposits were observed to form a syn- 
clinal, the axis of which lies a little to the southwest of the crest of the 
divide, which here rises in a gentle swell but little elevated above the 
higher benches of basalt which lap up on and surround the sediment- 
aries. 

From such data as we were able to obtain, it is apparent that this 
little mountain range possesses a geological history not so simple as 
might at first appear. Examined at one point, its structure might be 
interpreted as a simple monoclinal ridge, resulting from the degradation 
and complete removal of the opposed side of an anticlinal fold; again, it 
shows a similar structure, but which is clearly due to faulting and a con- 
sequent downthrow of many hundred feet; and elsewhere its principal 
ridge conforms to the axis of greatest elevation at one point, and at 
another the reverse is true, where the crest occupies the axis of a syneli- 
nal. And with all this diversity, which might be readily deciphered in 
detail otherwise, there are associated entirely different geological pro- 
ducts, which, at a date so modern as to have béen introduced at a time 
when the range had received nearly its present configuration, half buried 
its flanks and crept into and filled its valleys with flows of molten rock 
from voleanic sources to such an extent that their remnants as found to- 
day greatly embarrass the study of the dynamic history of the range, 
not only by hiding beneath their rigid surface the buried sedimentaries, 
but completely isolating this narrow zone from contiguous and similar 
areas of disturbance, the inception of which long antedates the manifesta- 
tion of this widely extended and comparatively modern epoch of vol- 
canic activity. 

There remains to be mentioned a small area of isolated hills lying be- 
tween the, Blackfoot River and the Blackfoot Range, which is appar- 
ently quite cut off from connection with neighboring highland areas by 
the basaltie flow which fills the Blackfoot Valley. Without showing a 
distinct topographic crest or ridge, yet this area has a well-defined drain- 
age axis, which was marked out by the nature and position of its rocky 
foundation. The strata were found to strike pretty uniformly about HE. 
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35° S. by W. 35° N., varying to an east-southeast and west-northwest 

course, and inclined at various angles to the north and southward, the 

drainage generally following lines corresponding to, and in many in- 

stances dependent on, the strike of the beds, or both. The southern and 

southwestern portion of the area is composed of Jurassic deposits, con- 

sisting of gritty limestones, indurated arenaceous beds, and variegated 

red and chocolate colored shales, certain layers being charged with an 

abundant and characteristic fauna. These deposits, which make up a 

vertical thickness of several hundred feet, are here thrown up in a great 

fold, the southwestern flank of which extends to the west of the Black- 

foot, as mentioned on a preceding page, where that portion of it which lies 

within the present district is buried beneath the late Tertiary, or Lake 

beds, and the volcanics. Immediately the well-determined Jurassic fos- 

siliferous beds which appear in the steeply-inclined northern flank of the 

fold are left, a belt of above a mile across is so enveloped in superticial 

detrial material, intermingled with pinkish trachytic débris, as greatly to 

obscure the underlying basis structure. But from such data as the few 

and more or less obscure exposures met with in this belt reveal, it is ap- 

parent that it embraces the site of extraordinary disturbance, the harder 

ledges, consisting of limestones and quartzose sandstones, with traces 

of more extensive interbedded deposits of red sandstones and sandy 

shales, are inclined at steep and varying angles, and in places tilted past 

the vertical or wedged in between sharp synclinal flexures. About two 

miles north of the axis of the Jurassic fold, the southern foot of the as- 

cent to a high dominating point is mailed by a heavy ledge of light-drab 

and flesh-colored, siliceous, brecciated limestone, containing traces of 
indeterminable fossils, and dipping 60°, 8.209 W. Inthe saddle and can- 

adas which drain in either direction, east and west, deep-red gritty clays, 
appear, and in the ridge to the south a short distance, several ledges of 
thin and heavy-bedded gray limestones, associated with brown, lamin- 

ated, earthy, indurated layers, both of which show obscure traces of fos- 

sils, Ceratites, &c., occur, steeply dipping to the north, or vertical. The 
outlying heavy limestone ledge is succeeded on the north by a still 
heavier pale reddish-buff siliceous deposit, which rises in gradually de- 

creasing steepness up into the plateau summit, which abruptly termin- 

ates in a parapet of clinking, fragmentary, pinkish-gray siliceous lime- 

stone, dipping S. 38° W., at an angle of 45° to 50°. The northern face 
of the little plateau falls quite rapidly over a series of sparsely wooded 
benches, in which successively appear ledges of gray, siliceous, and cherty 
limestones, with small Zaphrentis and Syringopora, crinoidal remains, 
Productus semireticulatus and P. longispinus, the beds dipping 45°, S. 20° 
W. Thelatter beds, at least, pertain to the Carboniferous, and the few 
fossils observed belong to species prevalent during the later period of 
that age. The detail section of the strata above alluded to, commencing 
at Station XIII ridge, and thence carried northward to the higher Car- 
boniferous ridge, is as follows: 


Section north of Station XTTT ridge. 


a. Brown, shaly, indurated, fine, areno-argillaceous deposit with 
dendritic markings, with thin layers of brown chocolate-gray limestone, 
sometimes spar-seamed, and containing a small terebratuloid shell and 
Discina? Apparently a heavy deposit, 300 feet or more in thickness. 

b. Brown-gray, thin-bedded, spar-seamed limestones, with intercalated 
thin sandy layers, forming a heavy ledge in the crest of Station XLT 
ridge, opposite Station XII, and plating the northern slope in places ; 
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dip 50° to 65°, N.15° to 40° E., charged with a minute Pseudomonotis, 
medium-sized ‘Aviculopecten, Terebratula, Lingula, &¢e. Specimens of a 


similar limestone, filled with the same fossils, the handsome little — 


Pseudomonotis occurring in great numbers, were brought me by Mr. Tom 
Cooper, from Station XIH, a couple of miles west of Station XII. 

¢. Buif and brick-red indurated arenaceous shales, with thin, shaly 
limestone band, exposed 200 to 300 feet, but much thicker, and fillmg 
the cailada between the ridges of Stations XII and XIII, which are here 
about a third of a mile apart. 

d. Dark brown-gray, fragmentary, slightly arenaceous limestone, a 
rather heavy ledge occurring in the crest of Station XII ridge; dip 50°, 
N. 15° to 70° Ii. This rock contains numerous fossils, Lingula, Tere- 
bratula, Aviculopecten, a large and small Pseudomonotis, Myacites?, &e. 

é. Grassy, undulating upland, with light-red or pink trachytic débris 
scattered over the surface, but no rock exposures in situ observed over a 
space of about one-third mile in width, north of Station XIII ridge. 

f. Gray, buff-mottled, fine-grained, spar- -seamed limestone, with cherty 
bands, apparently a thick bed ; dips 73° N., 80° EE. 

g. Heavy ledge, reddish- buff, very hard, fine- grained sandstone, stand- 
ing vertical, or slightly inclined from vertical north, exposure 50 yards 
north of last above bed. The outcrop shows angular fragments, and. 
intersected by joint structure. 

h. Dirty gray, thin-bedded, spar-seamed limestone, débris exposure, 
not showing ledge in situ. It is sueceeded a few yards north by a 
ledge of very hard dark-gray limestone, containing an obscure fossil 
resembling Aviculopecten, but too indistinct. for identification; dips 45° 
to 50°, S. 350 W. 

i. Reddish sandstone and arenaceous shales. A much baleen 
exposure in crown of ridge, perhaps one mile north of Station XIII 
ridge, and apparently filling the narrow depression or callada just to 
the north, out of which it is “eroded. 

k!, Thin-bedded dark- -gray limestone, with minutely comminuted fos- 
sils; dips 55° to 65°, N. 35° to 40° E. Exposed i in south slope of ridge, 
perhaps a quarter of a mile north of crest of sandstone ridge. Above — 
oceurs the following ledges: 

k*?, Heavy beds of gray limestone, associated with brown, laminated 
earthy, indurated layers, slightly inclined from the vertical northward, 
although the exposure is but a few yards removed from the preceding 
bed. This ledge contains an obscure Lamillibranch and fragments of 
Ceratites? and it forms a marked feature in the south-facing slopes, where 
it may be traced for a distance to the southeastward and northwestward. 

k3. Thin-bedded gray limestone, exposed but a few yards north of last 
above-mentioned ledge; dip almost vertical, or at a steep angle to the 
south. 

l. In the saddle of the narrow cafiada a short distance north of the 
last ridge, red shaly deposits are seen in washes. 

m. Flesh-gray limestone, with pink chert layers, 8 feet; overlaid by 
a heavy deposit of gray, fragmentary, brecciated, siliceous limestone, 
100 feet or more; dips 66°, S. 85° to 40° ‘W. Contains fossils, but too im- 
perfect for identification. This ledge forms a heavy plating to the south- 
facing slope of the culminating plateau, two and a half miles north of 
Station XIII ridge. 

n. A vertical space of 200 feet or more without exposures follows, and 
then a heavy deposit of siliceous matter is met with, rising up into the 
high ridge. It is composed of reddish, pink- mottled, butt, gritty beds, 
the decomposition of which produces a reddish- brown soil, ‘underlaid by 


ST. JOUN.] SECTION—WILLOW CREEK BASIN, &C. 349 


white quartzitic sandstone and buff, fragmentary siliceous layers, which 
latter rise high up in the surface of the hill, gradually flattening out in 
their southwesterly inclination, and probably attaining a thickness of 
several hundred feet. 

o. Clinking, fragmentary, thin-bedded, siliceous limestone, fleshy-gray; 
weathers rusty reddish-gray, becoming very cherty below, and inter- 
bedded with fine drab limestone. A heavy ledge in crest of ridge, dip- 
ping 45° to 50°, S. 25° to 309 W. Small pentagonal dises of crinoidal 
columns, in the chert, were the only fossils observed. 

p'. Immediately underlying the above bed occurs a ledge of dark gray, 
brittle limestone, with a Zaphrentoid coral, Syringopora, Athyris subtil- 
ita? This is followed by— 

p. Gray, gritty, hard, laminated limestone, which is in turn underlaid 
by— 

p*. Gray, cherty limestone, containing Productus longispinus, P. semi- 
reticulatus, &e. 

p*. Several beds of bluish-gray, spar-seamed limestone and cherty lime- 
stone, with Syringopora, crinoidal remains, &¢., and cherty masses show- 
ing a concentric structure. The latter beds appear in a bench in the 
steep northerly slope between one and two hundred yards north of the 
crest, and together with the overlying beds making up a heavy deposit, 
dipping 45°, S. 20° W. The latter limestones are clearly Upper Carbon- 
iferous, as shown by the presence of Productus longispinus and Athyris 
subtilita. 

q. In slope below the above limestones, in the north side of the ridge, 
reddish sandstone débris was observed, but no beds in situ. Elsewhere 
similar ledges are interbedded with the limestones in this member of the 
Carboniferous series. The slope below gradually merges into the basaltic 
benches which surround these hills and incline gently in the direction 
of the Blackfoot. 

As before intimated, the relation of this area to the Blackfoot Mount- 
ains could not be traced for the intervention of the basaltie flow which 
fills the intermediate depression. The strike of the strata is nearly the 
same in both areas. In the latter, however, it is noticeable that the 
beds have swerved round more to an east-southeast and west-northwest 
course. The direction of the strike of these ledges extended northwest- 
erly would intersect the equally disturbed belt in the vicinity of High- 
am’s Peak and Station IV, with which the present much disturbed belt 
is probably synchronous. According to the confessedly meagre data 
which were obtained at this place, there would appear to exist here two 
sharp synclinals, separated by a narrow anticlinal fold, which is much 
pinched and faulted on the south. In the space where this fault would 
be looked for traces of trachytie débris were noticed, but not in quantity 
sufficient to suggest this as having been a point of volcanic effusion. 
The supposed fault indicates a downthrow to the south, probably double 
the total thickness of the Jurassic, or 3,000 to 5,000 feet, and it may be 
found to have intimate relationship with the complicated and probably 
faulted Jurassic strata in the border of Lincoln Valley, just to the south 
of Station IV ridge, with which the disturbed belt at the present locality 
is thought to be intimately related. The interpretation here presented 
of the structural features of the locality has been reproduced in one of 
the accompanying diagrams, representing a profile section of the locality 
above aliuded to. 

WILLOW CREEK BASIN AND BASIN RIDGES. 


The southern central portion of the southwest section of the district is 
occupied by an extensive basin-area, which forms the low water-shed 
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draining south into Bear River and northwest into thé Snake through 
Willow Creek, a considerable area lying west of Day’s Lake belonging 


to the upper basin of the Blackfoot. That portion of this basin within . 


the present district, with the exception of the few square miles pertain- 
ing to the Blackfoot, opens out into the great plain of the Snake to the 
northwest, the extreme sourees of Willow Creek originating in the water- 
shed on the south boundary of the district, where John Day’s Creek 
rises in a shallow lake of uncertain or variable extent, according to the 
season, its borders being oceupied by extensive levels of marsh, mar- 
gined by fields of tule and treacherous bog. This portion of the basin 
reaches an altitude of 6,400 feet; the descent to the northwest to the 
junction of Day’s Creek with the main channel of the Willow being some 
400 feet in a distance of about 30 miles, and thence to the lower level of 
the great plain a further descent of 1,000 feet, mainly over the great 
volcanic upland bench which everywhere borders the Snake plains north 
of Ross Fork. 

The upper courses of the streams wind through shallow, meadow-like 
depressions between the gently undulating basaltic slopes and low 
plateaus, in which they begin their caifioned course lower down, and 
thence across the intervening broad stretch of volcanic upland. Their 
beds are hidden in the depths of the sombre rock until they emerge into 
the plain. It seems almost incredible that these deep canons could have 
been excavated by the little streams which to-day occupy their beds; 
yet such is doubtless the fact, though the work was performed when 
their volume greatly exceeded its present amount. The results of erosive 
action in these rocks are well known. In the high, level basins of this 
region the waters are collected into a main channel which flows over the 
surface, a large proportion of its spring-fed tributaries sinking im the 
avernous rock ere they reach the main stream, along which they some- 
times reappear as powerful springs. But soon as the general surface 
begins a more rapid inclination, then the collected force of the streams 
is concentrated, and the work of deepening their beds is facilitated both 
by the lay of the country and the nature of the rocks; the one precipi- 
tating the water down rapid chutes, while the hardness of the other 
prevents the lateral wear beyond certain narrow bounds, and the sub- 
sequent and gentler acting atmospheric agencies which mould the flarmg 
valley-sides in softer materials, here meet with stubborn resistance in 
the intractable basaltic ledges which usually form a mural cornice along 
the brink of the gorge. 

The northeast and southwest margins of the basin within our territory 
are bounded respectively by the Caribou and Blackfoot Ranges. It is 
traversed centrally, in its longer direction, by a low highland belt, which 
erosion has fashioned into isolated ridges which have a parallel arrange- 
ment both in relation to one another, as also to the higher mountain 
borders on either hand. These mid-basin ridges attain throughout quite 
uniform relative elevations of 600 to 1,000 feet, and exhibit in their 
geologie components interesting variety. The lower levels are floored 
by basalt, which evidently inundated the valley in successive flows 
during the later epoch of volcanic activity. But besides the latter 
deposits, others of presumably earlier origin are met with in the shape 
of dikes of hornblendic trachyte, whose extrusion has tilted the sedi- 

-mnentary deposits through which they pass, and which latter, it should 
be mentioned, form the nuclei of the basin ridges. Elsewhere the crests 
of these disturbed sedimentary elevations are crowned by heavy flows 
of trachytic lava, while other elevations culminate in irregular rounded 
domes composed of vast quantities of scoriaceous lava. At various 
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Section across north end of Willow Creek Basin ridge . 
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points the basaltic lavas reach high up on these voleanic crowned emi- 
nences, where they may merge through gradations of more and more 
vesicular varieties into the crowning scoriaceous deposits, and sloping 
in every direction into the lower country. The occurrence and local 
aspects under which these materials are observed, as also the sediment- 
ary formations which form the basis of the basin ridges, will be hapa 
noticed in the following summary of detail geology. 


WILLOW CREEK BASIN RIDGES. 


Situate between. Willow Creek and John Day’s Creek, the lowermost 
ridge of the basin rises rather suddenly out of the volcanic upland that 
slopes off its north and west flanks, and is thence continued southeast- 
erly a distance of perhaps 12 miles, when it flattens out into the low 
basaltic plateau which intervenes between the west branch of Day’s Creek 
and the sources of the Blackfoot. Nearly the whole of the southern 
half or two-thirds forms a broken ridge of basaltic buttes, to the north 
rising into the rounded culminating summit on which Station XIV was 
made, which attains an actual altitude of something above 7,400 feet. 
This elevation is covered with red and dark scoriaceous lava débris, but 
in the steeper break facing northward, heavy ledges of dark steel- 
gray basaltic lava appear. The southwestern slope falls more gradually, 
showing frequent exposures of similar volcanic ledges, dipping westerly 
into Willow Creek Valley, as also inclining gently in the direction of 
the open basin country fo the south and west. This disposition of the 
igneous rocks suggests the sources of the outflow in the neighborhood 
of Station XIV, and it may be that the scoriaceous material belongs to 
a remnant of crater effusions in which originated the blanket of ‘lava 
covering these elevations. But of crater cone, the imagination can dis- 
cover in this eminence hardly more than a vague resemblance, and this 
mutilated by time. The extreme southern end of the ridge presents a 
limited tract of low, rolling hills, in whose smooth grassy surfaces ob- 
scure exposures of reddish-tinted deposits were seen, which are probably 
the reappearance in that direction of a similar series of deposits exten- 
sively developed in the northern portion of this ridge. These low hills, 
however, continue but a short distance when they are cut off by the 
basaltic-floored plain lying to the south, southwest, and southeast. 

North of Station XIV the ridge is almost dissevered by the erosion 
of a little tributary gaining the east. bank of Willow Creek, and which 
occupies a small basin bordered by grassy acclivities which sweep up 
into Station XIV on the south and the hills to the north which form the 
northern continuation of the ridge. It is difficult to decide whether the 
above mentioned depression is floored by the voleanics which every- 
where occur in the adjacent plains. On the north side of the depression 
the heavy bedded basalt gently rises up on the southwest flank, where it 
culminates in the low cap of Station XV, 6,800 feet. But to the east the 

hared southern slopes, exhibiting sedimentar y deposits, rise rapidly into 
a higher plateau, which, at Station XVI, a mile and a half north-north- 
east of Station XV, reaches an altitude of 7,200 feet; and about the 
same distance north the sedimentaries cease in a somewhat higher hill, 
the crest of which shows a heavy ledge of hard, drab, thin-bedded 
trachytie rock, dipping at an angle of 40°, N. 30° E. ., the north and 
northeast slope falling in rugged benches to the level of the basaltic 
upland which extends down to the cation of John Day’s Creek on the 
one hand, and to Willow Creek on the other. 

‘In this latter cluster of hills an interesting series of sedimentary de- 
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posits is met with, showing a thickness of several hundred feet, with a 
general inclination of 20° to 35°, about S. 35° W. At one point in Sta- 
tion X VI ridge the ledges show, in their northerly dip, a short wndula- 
tion, beyond which, north, they resume their southwesterly inclination — 
as far as traced. The exposures here referred to afford the following 
detail section : 


Section in northern portion of Willow Creek ridge, through Station X VI. 


1. In the southeast flank of Station XV, 300 to 400 feet below the sum- 
mit, soft, gray, laminated shaly sandstone, with obscure vegetable im- 
pressions, interbedded with reddish and light gypsiferous shales, out-’ 
crops, showing a thickness of above 100 feet; dip 28°, 8. 40° W. 
These deposits are capped by the basalt in Station XV, there being no 
evidence of other volcanic deposits interposed between the basalt and 
the sedimentaries. The contact of the latter deposits was hidden by the 
débris accumulations at the foot of the basaltic walls, so that it was not 
ascertained to what extent or in what manner the contact of the igneous 
matter affected the sedimentary deposits over which it flowed. From 
the above exposure the line of the section was carried nearly at right 
angles to the strike of the sedimentary beds, or in a north-northeast 
direction. 

2. The next exposure, 300 yards distant, appears as a low comb formed 
by a heavy bed of similar gray, thin-bedded sandstone, dipping at a 
little steeper angle. It is cross-bedded, the planes of false bedding fac- 
ing the northeast. 

3. At foot of steeper slope, 100 yards beyond the last, similar but still 
heavier deposits of softish gray sandstone are exposed as a plating in 
the acclivity, dipping at an angle of 35°. 

4, In the crest of the ascent, which is determined by the strike of the 
beds, a few hundred yards from the foot of the last ledge, the sandstone 
changes to a course aggregation of water-worn but not rounded siliceous 
pebbles, forming a friable, thin-bedded, conglomeritic rock of a rusty 
buff and reddish tinge, the disintegration of which has strewn the sur- 
face with fine gravel. The estimated thickness of this ledge is about 50 
feet; dip 25°, 8.400 W. The coarse materials show a variety of color. 

5. The above deposit is immediately sueceeded below by a heavy bed 
of deep-red, fine arenaceous shales, probably at least 50 feet thick, which 
outcrops in the southern slope of a shallow saddle, in the bed of which 
appears— 

6. a, Gray sandstone, passing below into a heavy deposit made up 
of, b, gray and reddish tinged sandstone, with, ¢, interlaminations of 
indurated ferruginous material, reach a thickness of several hundred 
feet. In the summit of Station XVI plateau, the above layers are under- 
laid by an equal or considerably greater thickness of similar arenaceous 
deposits which occur in the following order: d, ledge of hard, buff, rusty 
weathered sandstone; e, softish buff sandstone; f, ledge of hard, rusty 
gray and brownish sandstone; obliquely and horizontally laminated, and 
containing obscure vegetable remains like fragments of the trunk or 
limbs of trees. The latter ledge shows a local disturbance, in places 
being raised up into low bulging or sharp crested narrow ridges, and 
dipping at angles of 20° to 35°, H. 25° 8. to N. 5° W., but elsewhere 
showing general conformity with the overlying deposits. These depos- 
its extend up into the culminating point at Station XVI, to the north of 
which the hill falls away over steep slopes into a deep saddle connecting 
it with the higher crest a mile and a haif- distant, in which the highland 
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A. Section across Willow Creek Basin, south of Stations XIV and XVII. 
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terminates. In this steep slope the following ledges are imperfectly 
exposed : 

7. Dark gray calcareous gritty bed, sometimes conglomeritic or brec- 
ciated, containing numerous poorly preserved Lamillibranchs, Gastero- . 
pods, and vertebrate remains, probably fishes. The fossils are impacted 
in the tough matrix, from which they are obtained in so mutilated con- 
dition as to render their identification doubtful. Dr. White, however, 
refers one of the most prevalent forms to Unio, at the same time noting 
a resemblance it bears to forms occurring in the Laramie beds in the 
region to the south. The Gasteropods are indeterminable, while in 
regard to the vertebrate remains, which were submitted to Professor 
Cope, their affinities remain as yet undetermined with the exception of 
some small-sized gar scales which, although not specifically determin- 
able, are probably of Tertiary age. ; 

8. Underlying the last-mentioned stratum occurs a thickness of sev- 
eral hundred feet made up of red and drab gritty shales, including soft 
gray sandstone layers, which descend into the saddle north of Station 
XVI, where they rest upon— 

9. Fragmentary drab limestone, forming a low debris-strewn ridge at 
the foot of the descent. This outcrop may be traced at intervals more 
or less interrupted in a southeasterly direction, reappearing in the low 
ridge between the forks of John Gray’s Creek northwest of Station 
XVII, where its outcrop gives a banded appearance in the grassy slopes. 
It contains numerous individuals of a small undetermined Gasteropod. 

10. Ascending the long slope to the north, the latter limestone is im- 

-mediately followed in descending order by gray, cross-bedded sand- 
stone, interbedded with chocolate-red shales and indurated ferruginous. 
layers. These beds form a heavy deposit, showing local disturbance, 
but with a normal dip 8. 45° W. at an angle of about 20°. 

11. Higher in the slope the position of another limestone bed is marked 
by the drab, fragmentary débris which strews the surface. Besides a 
fragment of bone, there were also seen other obscure fossils. The rock 
is less brittle and lighter colored than bed 9. 

12. Dirty and sometimes reddish-buff, very hard, brittle, spar-seamed 
sandstone. The rock shows slickenside surfaces, is almost the hard- 
ness of quartzite, aud contains vegetable impressions like sections of 
limbs. Its débris covers the surface extending up into the summit, 
which is capped by a heavy ledge of— 

13. Grayish-blue trachytie rock, having a distinct bedded structure, 
in firm, uneven layers 2 to 12 inches or more in thickness. The rock 
presents a low wall in the crest of the hill facing southwestward, in 
which the exposed edges of the layers reach a thickness of 5 to 15 feet, 
dipping 40°, N. 50°°E. 

Such as they were, the few obscure vegetable remains found in con- 
nection with the sandstones of the foregoing section were submitted to 
Professor Lesquereux for examination, who kindly informs me that,. 
though too indistinct for minute determination, they are undistinguish- 
able from similar vegetable relics prevalent in perfectly authenticated 
Laramie beds at numerous localities in the Northwest. This, together 
with Dr. White’s determination of the probable affinities of the inverte- 
brate fossils before alluded to, as well as the probable relations of the 
vertebrate remains communicated by Professor Cope, afford ground for 
referring all these deposits to the age of the Laramie Group. As we - 
shall have become more familiar with the fauna and flora of the rocks 
of these distant regions, the doubts of to-day may appear almost without 
foundation and vanish. But these results are the outgrowth of time, 
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and if we succeed in ascertaining the actual stratigraphic sequence of 
the geological series, much will have been secured of value as well to 
the paleontologist as to the geologist. . 

A couple of miles to the southwest of Station XV, in the low grassy 
slopes on the west side of the little basin, a narrow ledge of soft, thin- 
bedded, gray sandstone outcrops in a miniature hogback ridge, dipping 
steeply to the southwestward, or 54°,S. 40° W. This ledge undoubtedly 
belongs to the same series shown in Station XVI section, and forms the 
outflanking exposure on this side of the Willow Creek hills. But de- 
scending, east, to the West Fork of John Gray’s Creek, whose valley is 
flooded with basalt, and crossing over to the lower ridge embraced be- 
tween the West and Hast Forks, the same series of deposits is again 
encountered, where the strata are bulged up and finally severed by the 
extrusion of igneous matter which forms the culmination of the ridge. 

This ridge extends from the northwest in a southeasterly direction, 
about six miles, and parallel with the higher ridge described in a pre- 
ceding page, from which it is distant only about four miles. A little 
south of the middle it is surmounted by a wedge-shaped comb of rock 
composed of a handsome variety of hornblendic trachyte, the crest of 
‘which was selected for Station XVII, and which attains an altitude of 
about 7,200 feet. The south end of the erest descends sharply to the 
‘broken continuation of the ridge, while to the northwest it more gently 
‘slopes, in places occupied by the sedimentaries, again by the narrowing 
‘voleanic mass, which latter finally disappears, the sedimentary beds lap- 
ping without break in their continuity over the ridge. A section across 
the ridge along a northeast and southwest line, perhaps half a mile north 
of Station XVII, commencing with the northeasternmost exposures, ap- 
‘pearing in the gentle slopes that reach down into the basin-like valley 
of the East Fork of John Gray’s Creek, just above the point where it 
‘begins its cailoned course in the basalt, is given below: 


Section across Station XVIT ridge. 


1. Fine reddish-stained soil, appearing in the low upland terrace 
“‘pordering the level creek bottom. Tt indicates subjacent shaly deposits. 

2. Red shales and included sandstone layers, obscurely exposed in 
‘the grassy slopes. 

3. Heavy bed of reddish-gray, even-bedded sandstone, weathering 
‘into flags; dip northerly. 

4, Buif, reddish-tinted, thin-bedded, rather firm sandstone; some- 
times a semi-quartzite with slickenside surfaces, including shaly gray 
sandstone, and underlaid by heavy-bedded, reddish buff sandstone, dip- 
ping 35° to 45°, east of north. The ledge forms a low hogback, sev- 
“eral yards across, and which may be traced to a distance in the decliv- 
ity. The upper ledge contains obscure vegetable impressions, fragments 
of limbs, and alg-like markings. The surfaces of certain layers are 
undulated by large ripple-markings. 

5. To the southwest of the last-mentioned bed, 60 or 70 yards, a low 
“parallel comb of soft, thin-bedded, gray sandstone breaks the surface, 
the bed showing a thickness of 5 to 10 feet, and dipping 45° to 50°, N. 
‘25° to 30° H. 

6. Red shales, obscure exposure. 

7. In the slope of the main ridge about 300 yards distant from bed 4, 
occurs an obscure outcrop of drab, brittle, earthy limestone, containing 
numerous small gasteropods, a few medium-sized lamellibranchs, and a 
minute fish-tooth. 
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8. Forty yards above the last, a similar hidden exposure of light gray 
limestone occurs, in which were found a few small gasteropods. 

9. Drab argillo-caleareous indurated layers, apparently forming a 
heavy deposit in the crest of the ridge. This ledge has evidently under- 
gone much metamorphism from contact with the igneous mass, by which 
it is so changed and intersected by a bewildering set of cleavage as 
quite to obliterate the bedding of the rock. However, at several places 
along the northeast side of the igneous dike it was possible to dis- 
tinguish the planes of deposition from those of the superadded cleavage, 
showing an inclination N. N. E., at a steep angle; and at a point nearer 
the summit, the same ledges, here even more highly changed into an 
exceedingly brittle, slaty rock, were found to dip in the same direction 
at angles of 30° to 40°. 

10, This is a beautiful variety of hornblendic trachyte, in which the 
dark needles of hornblende are very generally disseminated, only show- 
ing perceptible changes in the size of the crystals, which are embedded 
in a dark gray matrix. The ledge stands up in a dike-like mass, with 
a strike about E. 50° S. and W. 50° N., and apparently inclined seeply 
to the southwest. It forms the highest part of the crest of the ridge for 
the distance of about a mile, and several yards across. In the south- 
west face, under Station XVII, it presents a precipice in which the rock 
is seen to be much broken by irregular joint structure. Farther north, 
where the dike becomes less prominent, its outcrops is marked by débris, 
which strews the surface with fine gravel, imparting to the soil a rusty 
reddish color, markedly in contrast with the fine, light soil derived from 
the decomposition of the calcareo-argillaceous deposits of the adjacent 
slopes. 

11. Drab, indurated argillo-caleareous deposits, interlaminated with 
light gray limestone layers containing great numbers of a small gaster- 
opod. This horizon appears in the southwest slope of the crest, and is 
much metamorphosed on approaching the igneous dike. 

_ 12. Brown, partially fissile shales, with small concretions included in 

13. Drab, indurated, argillo-calecareous deposits, with thin interlamina- 

tions of calcite. 

14. Reddish gray sandstone, with slickenside surfaces. This ledge 
outcrops in the bed of the little valley a short distance below, or to the 
northwest of the line of the section, where it shows an inclination south- 
ward at an angle of 30°. Although a limited exposure, it is believed to 
be the equivalent of one of the beds in the northeast flank of the ridge, 
eprobably No. 4, which it closely resembles lithologically. 

15. Obscure exposure of red shales. 

16. Drab, indurated, fragmentary, argillo-calcareous deposits, with 
seams of calcite and gypsum, apparently forming a heavy bed, but im- 
perfectly exposed in the northeast slope of low outlying ridge west of 
Station XVII. 

17. Gray, fragmentary spar-seamed limestone, with numerous small 
undetermined gasteropods. A thick stratum, defining an abrupt break 
in the hill-side. 

18. In the gentle slopes of the before-mentioned outlying hill west of 
Station X VU, a series of obscurely-exposed beds is met with, consisting 
of alternations of gray and drab fragmentary limestone and heavier beds 
of reddish and buff sandstones and softer deposits, which compose the 
bulk of this lesser ridge. 

19. Basalt, filling the valley of the West Fork of John Day’s Creek 
and lapping up on the sedimentaries all along the southwest flank of this 
low highland ridge. 
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The above section has a linear extent of about four miles between the 
forks of Gray’s Creek. Although the deposits in the immediate south- 
west slope of Station X VII are somewhat obscure, and withal so altered | 
by metamorphic action as render their examination difficult, yet their 
more favorable exposure in the opposite hill-side to the west affords satis- 
fagtory data for the determination of the relations of the sedimentaries to 
the voleanie phenomena with which they are here associated. The igne- 
ous mass protruding in the crest of the ridge seems to have been forced 
up nearly in a vertical direction, carrying the sedimentary beds up with 
it instead of fracturing them at once, so that at the extremities of the 
upthrust they were not rent apart. But at the point of greatest tension 
they were partially fractured, the igneous matter following the crevice 
thus produced, as a wedge-shaped mass, which subsequent erosion has 
bared, and thus revealed the origin of the little anticlinal fold, of which it 
forms as well the nucleus. The apparent identity of this eruptive rock 
with that prevalent in the Elk Mountains of Western Colorado, should 
also be mentioned, specimens from these remote regions showing slight 
if any difference in their mineral constitution. 

The sedimentaries in Station X VILridge, as before mentioned, may be 
traced to the northwest, where they reappear in the vicinity of Station 

XVI, in which latter quarter, however, the series belongs to the south- 
west side of the present uplift. From the latter station, looking across 
the broad valley of Willow Creek, beneath the greatly uplifted volean- 
acs at the northern end of the Blackfoot Range, a considerable belt of 
reddish-tinged strata appears in the northeast flank of that range, out- 
lying the Carboniferous in Blackfoot Peak. ‘These deposits, as seen at 
a distance, present precisely the appearance of the strata exposed in the 
Wiilow Creek ridge above described; and continuing the north of west 
strike of the latter beds across the intervening plain where they are con- 
cealed from view by the basaltic flow, it would intersect the Blackfoot 
Range at the point where these deposits have their apparent counterpart 
in. the foot-hills east of Blackfoot Peak. The trend of the eruptive mass 
in Station XVII is exactly in line with Mount Bainbridge (Station 
XXVIIL), 16 miles to the southeastward, where mineralogically identical 
igneous eruptions are again met with, which will be noticed in a subse- 
quent section of this chapter relating to the Caribou Range. The 
banded reddish and drab appearance of the outcrop of the sedimentary 
deposits of the present group of hills is repeated also in the foot-hills 
northwest of Mount Caribou and it seems very probable that the pres- 
ent uplift has intimate connection with the remarkable phenomena ob- © 
served at that locality. These deposits may be described as variegated 
red and drab beds, the appearance they usually present in distant-viewed. 
exposures. They form the low swells into which the southeast end of Sta- 
tion XVII ridge dies away, as also the similar terminus of the main 
Willow Creek ridge, as previously mentioned. In the undulating border 
hills to the northeast of the confluence of the forks of John Gray’s Creek 
the same series of strata is also seen, where they are dominated by various 
levels of the upraised voleanies which rise up in abruptly terminated 
benches on the flank of the Caribou Range in that quarter. But every- 
where in the lower depressions separating these low basin ridges, the 
sedimentary deposits of which they are largely composed are concealed 
beneath the basaltic flows, though their continuity scarcely admits of a 
doubt, however isolated their present manifestation. 

‘Beyond the low basaltic plateau which envelops the southern end of 
the Willow Creek ridge, the surface again rises into a low ridge extend- 
ing southeastward several miles into the adjacent district, and which 
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forms the watershed between the sources of John Gray’s Creek and 
the Little Blackfoot to the west. This ridge has an extent of some eight 
miles in our district, attaining a pretty uniform altitude of 7,200 feet, its 
dominating summit rising about 1,000 feet above the level of John Day’s 
Lake basin on the east. Near the southern line of the district it is sud- 
denly contracted and broken down in a broad, deep sag, through which 
flows a pretty little tributary which rises in the low basaltic rim on the 
east flank of the ridge in the immediate vicinity of the gentle slopes sur- 
rounding John Gray’s Lake. A well-beaten highway from the country 
to the southeast crosses the ridge at this pass, and following up the valley 
of Little Blackfoot it crosses over the low basaltic plateau at its head, 
and thence descends the west side of Willow Creek out into the Snake 
plains at Taylor’s Bridge; a branch road crosses into the upper basin 
of the Blackfoot, and thence westerly to Fort Hall and Ross Fork Agency, 
where it again joins the great highway leading into Montana. 

This ridge, which may be appropriately termed Gray’s Lake ridge, 
south of the above-mentioned pass and lying within our limits, was 
‘found to present a simple monoclinal structure, the result of erosion, by 
which the east flank of an anticlinal fold was destroyed prior to the 
effusion of voleanic matter, which latter gently rises on either slope of 
the present ridge as heavy beds of more or less scoriaceous and compact 
dark basaltic lavas, which strongly resemble the material found in the 
summit of the Willow Creek ridge at Station XIV. The nucleus of the 
ridge is here seen to consist of the ordinary gray and drab Carboniferous 
limestones, interbedded with hard buff and reddish-buff sandstones or 
siliceous beds, and dipping southerly at an angle of about 30°. The 
ridge is here quite low, but 1t gradually rises to the southeast, where its 
bulk is composed of the same formation, the beds seeming to curve round 
the southern extremity of the ridge in a sharp quaquaversal, with out- 
flanking foot-hills made up of red arenaceous deposits and sandstones and 
drab beds. 

North of the pass these same deposits are seen in force in the north- 
east flank of the ridge, and after crossing to the southwest side, the same 
deposits also flank that side, where they incline southwestwardly, and 
probably here compose the entire bulk of the exposed strata in the main 
ridge. A mile or so southwest of the pass, at the crossing of the Little 
Blackfoot, in the extremity of a low upland spur which puts out into 
the valley at this point, the Carboniferous again appears, showing a 
thickness a hundred feet, more or less, of heavy bedded, gray, cherty 
and spar-seamed limestone, dipping 559, 8. 5° W. A few fossils were 
seen here, Productus, Spirifer, &c. The relation of the latter exposure 
to the ledges that form the crest of the ridge south of the pass was not 
clearly shown; but it is presumed that it belongs to the same uplift, 
although the trend of the strata has rather sharply changed more to an 
east-west course, if this inference prove correct. 

The Little Blackfoot here oceupies a wide trough-like valley, which 
heads in the low basaltic plateau of the Willow Creek divide a few miles 
to the northwest, and is bounded on the southwest by a similar narrow 
mountain ridge, the distance from crest to crest along our southern 
boundary being about four miles. The middle of the valley is occupied 
by a level tract, through which the little stream flows with many wind- 
ings between low terraced borders which gently rise to the foot of the 
adjacent ridges. These border slopes in places conform to gently in- 
clined. basaltic benches, as is the case in the lake ridge to the south of 
the pass, where they were found extending quite to the crest in a low 
place in the ridge; butin the mid-valley the level surface is covered with 
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fine detrital material and soil which supports a fair growth of herbage, 
while in the hills a few dwarfed pines and groves of aspen are found. 


The ridge defining the southwest side of the Little Blackfoot Valley | 
originates in the low basaltic divide at the head ef Willow Creek. and, 


<I 


which separates it from the southern terminus of the Blackfoot Range, a 
few miles to the northwestward. This ridge has a course nearly parallel 
with Gray’s Lake ridge, northwest and southeast, in which latter direction 
it is projected into the bend of the Blackfoot, a few miles south of the 
south line of the district. Like the previously described ridge, it is 
broken down near the middle, where it is crossed by a somewhat higher 
pass, with steeper approaches, just over our southern border, to the 
northwest of which it culminates in an irregular crest 7,000 to 7,600 feet 
altitude above the sea, or 600 to 1,200 feet above the plain. A section 
carried across the ridge at a point between the pass and one of the cul- 
minating summits a mile to the north, on which Station XXIX was 
located, is given below: 


Section across Station XXIX ridge. ‘ 

1. Dark bluish gray, spar-seamed. limestone, with concentric siliceous 
nodules, passing upward into a very hard fragmentary siliceous rock. 
Occurs as a heavy ledge flagging the south-facing slope descending into 
the gap, and dips 35°, 8. 25° EK. The rock is complicated by joimt strue- 
ture and cleavage, the principal planes of which incline at an angle of 
102; IN. 10° Bi. 

2. Slope, unexposed. 

3. Limestone, obscure exposure. 

4. Heavy bed of buff siliceous rock. _ 

5. Light bluish-gray spar-seamed limestone, forming a heavy bed the 
outcrop of which is traced in a line of low cliffs which rise into Station 
XXIX. <A thickness of 50 feet is exposed in the mural face of the out- 
crop, in which atmospheric erosion has scooped miniature caverns and 
niches. Dip 45° to 50°, 8. 659 W. The rock affords numbers of a large 
species of Zaphrentis, which was the only fossil a hurried search detected. 

6. Space 200 yards across, showing gray cherty limestone and reddish- 
buff siliceous deposits. Dip 50° southwestward. 

7. Bluish-gray, spar-seamed, cherty limestone, a heavy ledge, exposed 
20 to 40 feet, and dipping 30°, 8. 50° W. Contains a minute Ketzia, 
Hemipronites, and ermoidal columns. 

8. Slope, about 100 yards across; no rock exposures. 

9. Limestone, similar to bed No. 7, appearing in crest of ridge about 
southwest of Station X XIX, over a space perhaps 300 yards across. 
Dip 50° to 65°, 8. 50° W. Contains a small Zaphrentoid coral. 

10. Grayish-blue limestone and buff siliceous deposits, forming a heavy 
deposit 500 to 400 yards across in the south flank of the ridge. Dip 
55°, 8. 45° W. | 

11. Intensely hard, brittle, hornstone-like rock, much fractured trans- 
versely, its outcrop presenting a dike-like appearance, exposed thick- 
ness 5 feet, and dipping 8. 35° W. at an angle of 65°. This rock is pre- 
cisely like a ledge observed in the southwest foot of Blackfoot Peak, 
with which it is believed to be identical. 

12. Limestone, obscurely exposed in foot of steep slope, where it merges 
into the basaltic bench, over which the declivity descends thenee into 
the upper basin of the Blackfoot in a series of more or less distinct low 
terraces. 

The above section crosses the ridge nearly at right angles to its trend, 
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or in a general 8. 8.W. and N. N.E. direction. It will further have been 
observed that the strike of the ledges which compose the monoclinal 
crest of this part of the ridge trends round from a north of east to south 
of east direction in crossing from the northeast to the southwest side of 
the ridge, and exhibiting almost the exact counterpart of the condition 
of things found in the southeastern portion of the Day’s Lake ridge. 
This structure is further indicated by the massing of a heavy series of 
superimposed red and drab deposits, which make up the bulk of the 
southern portion of the ridge. Above the pass, a short spur jutting 
from the northeast flank of the ridge and abruptly terminating in the 
valley, exhibits a heavy series of dark and chocolate-colored shales and 
rusty sandstone ledges, which incline at a steep angle toward the main 
ridge. The latter deposits apparently constitute a large portion of the 
southwestern extremity of the ridge, and they are supposed to pertaim 
_ to the Jura-Trias series of the region. 

The geological, as also the topographic, relations of this ridge are. 
apparently intimate with the Blackfoot Range; yet this relationship is 
more a matter of inference than actual demonstration. In the basaltic 
plain which fills the interval the sedimentaries are, of course, concealed 
from view, and it may be that both of the latter ridges mentioned above 
are the result of locally-manifested disturbing causes by which the strata 
over narrow elliptical areas were bulged up.into abrupt anticlinal folds, 
and probably faulted along parts of their course, as seems to be the 
case in the northeast side of Station X XIX fold. Yet, while isolated are 
as of local disturbance may, and doubtless do, exist, as, for example, the 
Station XVII uplift, this basin region as a whole is doubtless intimately 
related to the border areas where the most complicated foldings and 
faulting are prevalent; and the present isolation of the basin ridges, 
as also that of the more extensive border mountain belts, is due to sub- 
sequent erosion. 

That portion of the upper basin of the Blackfoot lying within our ter- 
ritory forms a level plain, into which low benches of basalt extend from 
the basaltic plateaus and neighboring mountain ridges. The whole area 
is doubtless based upon the great lava flow; but in the mid-valley ex- 
tensive tracts of level alluvial meadow-lands exist, through which the 
stream sluggishly winds between muddy reed- and grass-grown banks, 
resembling much a tide-water channel. In the adjacent acclivities of 
Station X XIX ridge and the low divide south of the Blackfoot RKange 
considerable areas are covered by white calcareous tufa, deposits made — 
by springs that issue from the limestone ridges. 

John Gray’s Creek opens into a wide, flat basin at its head, which is 
largely filled with meadow-lands, and toward the south boundary of the 
district it is occupied by a permanent body of shallow water, which is 
known as John Gray’s Lake. These alluvial lands, consisting of a deep 
fine brown soil, are exceedingly fertile wherever water is carried upon 
them. Early in the season the influx of surface drainage greatly extends 
the ordinary and obscurely-defined limits of the lake, tlooding extensive 
tracts on all sides. Indeed, the greater portion of the lake is merely a 
marsh, which is being gradually reclaimed by the deposition of fine 
sediments washed from the bordering uplands and the materials con- 
tributed by the decay of the dense growths of reeds, grasses, and moss 
which flourish in the oozy soil. 

In the midst of the lake rises a low island, perhaps a hundred feet 
high, which shows in the summit, near the southern end, a rather promi- 
nent ledge of rusty-weathered rock, dipping, at a gentle angle of inclina- 
tion, westerly or southwest, in which direction the elevation also declines, 
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The rock may possibly be volcanic; but it is rather believed to belong 
to the sandstone series which appears in the low hills to the southeast 
of the lake, where they dip gently southwesterly, and pass into the ad- 
_jacent district. The latter hills and their imperfectly- exposed strati- 
graphy will be briefly noticed in connection with the section across the 
Caribou Range, through Station XXXVI (Mount Caribou), in the follow- 
ing section of this chapter. 


THE CARIBOU RANGE. 


The highland belt lying between the Willow Creek Basin and the-lower 
valley of the Snake and its southern continuation, the Salt River Valley, 
to which the general designation Caribou Range has been given, com- 
prises a rather regular area which extends froma point south of our 
southern boundary northwesterly a distance of 40 to 45 miles within our 
district, with an average width of about 14 miles. South of McCoy 
Creek and the Caribou mining district, where it attains the latter breadth, 

it gradually narrows, and where its crest shows a series of undulating, 
wooded hills. To the north, again, it expands to 18 miles across, be- 
tween Fall Creek and the next considerable stream to the south, Pyra- 
mid Creek; and thence northward it is continued in a lower and parr ower 
ridge, which finally expands into a plateau overlooking the grassy up- 
land on the borders of the Snake plain. The culminating points along 
the main crest, which lies well to the east of the geographical axis of 
the range, ¢ attain altitudes ranging from 8,000 to 9,600 feet above sea- 
level; but on the southwestern border in the southern portion of the 
range, the somewhat isolated mountain mass in the Caribou mining dis- 
- trict reaches an altitude of 9,800 feet, and which dominates the whole 
southwestern section of this district. This peak, which was variously 
known by the names Caribou Mountain and Mount Pisgah, was re- 
christened by Mr. Bechler Mount Bainbridge, in honor of Captain Bain- 
bridge, commandant at Fort Hall, from whom and Lieut. Joseph Hall, 

of the same post, our party met with courteous and generous reception, 
which contributed materially towards furthering the objects of our visit. 

A marked peculiarity of this range is the relation of the main or topo- 
graphic crest to the hydrographic divide or watershed. As above re- 
marked, the culminating crest lies to the east of the central longer axis, 
_ which i is thrown into a devious course by the drainage, with an intricate 
system of supporting ridges due solely to erosion, and rugged inter- 
mountain spurs, which were determined by the stratigraphic structure of 
the range. This belt is boldly severed by the drainage channels, across 
which their beds le in deep, rugged gorges, abounding i in wild and pie- 
turesque scenery, their sources originating in beautiful little mountain 
basins situate within the southwestern half of the range. The water- 
shed, which separates this main drainage from that flowing into the Wil- 
low Creek basin, is alike irregular in its course and elevation, though 
uniformly lower ‘than the topographi¢ crest, except a limited portion “of 
the divide, only a few miles in extent, formed by the dominating peak, 
Mount Bainbridge. But to the north of the latter mountain, as ‘also to 
the south, the watershed is crowded nearly over to the southwest verge 
of the range, the sources of Tin-cup and McCoy Creeks rising within 
three or four miles of the basin plain of Day’s Lake. Near the middle, 
and between the latter creek and Fall Creek, the East Fork of John Day’s 
Creek heads well up in the range at a point from which radiates the 
drainage of the three. principal water-courses which flow directly into 
the Snake, viz, MeCoy, Pyramid, and Fall Creeks. To the north, two 
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considerable tributaries which rise in the main crest gain the main Wil- 
low Creek on its right bank, while Grouse Creek and several smaller 
streams rise in the opposite side of the crest and flow into the Snake. 

The bulk of the range is fashioned out of sedimentary formations, and 
these belong chiefly to the Mesozoic and the earlier epoch of the Ceno- 
zoic age. Along the middle portion of the northeastern border, rocks 
of Paleozoic age are encountered, which, like the later-formed strata, 
have been tilted and folded in a remarkable manner. The disturbing 
forces which resulted in the plication of these sedimentary deposits acted 
pretty uniformly along northwesterly and southeasterly lines, with, how- 
ever, local deviations in both the direction and intensity of their mani- 
festation, to which is attributable the variety of the phenomena here ob- 
served. These may be briefly summed up as sharp anticlinal folds, and 
corresponding synclinal troughs, great flexures marked on the one hand 
by the vertical and even overturned position of the displaced beds, while 
on the other they appear to have formed broad-topped folds with gentler 
inclination on the opposite border; and it seems almost certain that, with 
these more extraordinary displacements, are associated other attendant 
phenomena, such as the faulting of the strata, by which formations of 
remote periods of origin are brought into immediate juxtaposition in 
the opposite walls of the severed beds. Besides the deposits of sedimen- 
tary origin, there are limited areas in the higher mountain region where 
_ rocks of voleanic origin are met with. These are supposed to represent 
two distinet epochs of volcanic activity, the one and earlier occurring as 
dike-like and intruded masses, the effusion of which not only fractured 
the sedimentaries vertically, but forced apart the strata between which 
they are intruded as great wedges. The later effusion, consisting of 
trachytic and other lavas, appear simply to have overflowed pre-exist- 
ing elevations, but which have since been subjected to extensive erosion, 
from which the unconformably superimposed volcanics have suffered 
almost to annihilation, only mere remnants remaining to show their prob- 
able former extent. These latter volcanic flows pitch off towards the 
basin depressions, in the borders of which they are succeeded by the still 
later basaltic lavas which fill the basin areas to the north and west. The 
local aspects of the geological components of the range will be noticed 
more at length in the following pages, devoted to the detail account of 
the observations prosecuted in this quarter. These will be taken up in 
nearly the order of their original observance. 

Our route penetrated the range at its widest part, following up the 
East Fork of John Gray’s Creek, or near the middle in its southwest 
border. This stream, whose sources are gathered in a little hilly mount- 
ain basin, cuts a short cafion across a rather high outlying ridge, which 
here forms the foot-hills along the southwest flank of the range. This 
ridge rises rather abruptly from the basin plain, 800 to 1,400 feet in 
height, its direction W. N. W. and E. 8. E. It terminates abruptly on 
Mosquito Creek five miles west of the debouchure of East Fork, to the 
east of which it merges into the watershed at the head of McCoy Creek, 
where it reaches its greatest elevation. This is the appearance as seen 
from the basin plain ; but it really forms part of a block of the western 
flank of the range, from which erosion of the drainage channels has al- 
most dissevered it, a series of extremely rugged saddles and combs 
alone maintaining its connection with the parent mass. Like so many 
of the streams in this range the East Fork divides in its mountain basin, 
the two branches uniting from opposite directions, which are found to 
coincide with the general direction of the strike of the rocks in which 
their beds are eroded. So, also, the courses of the principal lateral tribu- 
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taries are generally determined by the same causes. In the present in- 
stance, the side afiluents of the streams which rise in this block have 
molded it into a series of parallel spurs united by a median ridge to | 
the watershed, and this in turn by devious and exceedingly variable 
ridges hitching on to the main heights which lie to the east of the drain- 
age divide. From any of the- high points in the range, the above-de- 
scribed features stand out in pold relief. 

Passing from the basin-plain to Station XVIII, which oceupies the 
crest of a highish ridge some four miles to the northeast, the first rock 
exposures encountered are low in the foot of the outer ridge, where an 
obscure ledge of (1) reddish gray sandstone forms a low bench peering 
above the gravelly second-bottom which here borders the Hast Fork of 
Gray’s Creek. Higher in the slope the surface is covered with the débris 
of (2) fine drab indurated argillo-calcareous deposits and drab-gray lime- 
stone, above which appears (3) laminated grayish buff sandstone asso- 
ciated with red arenaceous shales and sandstone layers, dipping south- 
erly or southwesterly. A little higher in the slope, and in the crest of a 
low ridge west of the debouchure of the Hast Fork, similar (4) sand- 
stones interbedded with deep and pale-red sandy shales, making up a 
heavy deposit, show moderate inclination to the northeastward, indicat- 
ing a low anticlinal fold. The foregoing exposures are, however, very 
obscure, as is the case with many yet to be mentioned in the easterly 
portion of the section here referred to; so that it is only now and then a 
ledge affords satisfactory observation on their position as determined by . 
the direction of strike and inclination of the strata. Crossing up through 
the narrow gap, the way lies over a series of deposits, which to the west- 
ward are seen outcropping in successive bands, one above the other, in 
the steeper and higher portion of the ridge, and also appear, though ap- 
parently less distinctly marked, in the more rounded ridge east of the 
gap. ‘These deposits were found to consist of (5) sandstone and red 
sandy shales, dipping steeply northward, at one point at an angle of 70°, 
standing up in the surface like narrow dikes or combs, the harder ledges 
breaking into rhombic blocks. In the opposite southeast side of the 
narrows, the shales are seen in steep banks of a bright red color, while 
everywhere they give to the soil its peculiar tint. Entering here the 
little mountain basin, its floor is over deposits similar to those last men- 
tioned, or (6) dull chocolate-red shaly sandstone and reddish shales, which, 
however, dip southerly at a much less steep angle of inclination. The 
little basin is hemmed in by broken hills covered with shrubs, and 
patches of conifers in the shaded deeper ravines and northern slopes.. 
The little streams are obstructed with beaver-dams and their narrow 
flats, a jungle of willow and low growth. It is headed off by the water- 
shed, here an extremely broken ridge 1,600 to 2,000 feet in height, with 
quite considerable tracts of pine and fir, J ust to the southwest lies the 
parallel ridge of Station XVIII, in ascending which the following ob- 
servations were made: In the foot of the southwest slope, a heavy de- 
posit consisting of (7) ledges of reddish-gray sandstone interbedded with 
red shales with flakes of selenite and calcite, occurs, dipping southerly 
or west of south, at an angle of 35°. The much-encumbered slope shows 
only imperfect exposures “of (8) bluish limestone débris, (9) red gritty 
Shales, and (10) drab argillo-caleareous deposits, which latter at one 
point appear in the crest of the ridge, where their decomposition has 
produced a soil peculiar to these shaly beds. The crest of the ridge, 
which lies a little to the north and south of the line of strike of the 
strata, shows in its southeast portion heavy ledges of (11) rusty gray 
and deep red shaly sandstone, showing slickenside surfaces and false 
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bedding, associated with red shales, which stand in various positions, or 
dipping from vertical at one point 65°, N. 45° E., changing in a short 
distance to the opposite direction at a steeper inclination. This con- 
tinues to be the character of the ridge to its northwest extremity, where 
it is broken down in a low saddle at the head of Mosquito Gulch, which 
connects it with the highlands to the northwest on which Station XIX 
was located, about three miles distant from Station XVIII. At the lat- 
ter point the ridge shows an interesting section. The last-mentioned 
sandstone horizon, forming a brown weathered ledge with red shales, 
outcrops in the south declivity a hundred yards from the summit, and 
dips steeply southward. A little higher in the slope, a heavy ledge of 
(12) bluish-drab, spar-seamed limestone forms a break in the steep de- 
scent, the dip ranging from 45° to 60°, 8. 30° to 40° W. It contains 
numbers of a small Gastreopod and very imperfect Lamellibranchiates, 
and vertebrate remains. Of the latter, only a few indeterminable frag- 
ments of bone, and a single specimen of a vertebra, rewarded a careful 
search. The Gasteropods are undistinguishable from a form occurring 
elsewhere in post-Jurassic deposits, and the Lamellibranch may prove 
to belong to the genus Unio. Professor Cope’s determination of the croc- 
odilian affinities of: the vertebra also bears strong, though not conclusive, 
evidence in favor of the transitional or early Cenozoic age of these de- 
posits. The limestone is immediately succeeded by (15) indurated brown- 
ish ferruginous deposits, also containing obscure fossils, apparently a 
Lamellibranchiate shell. The crest of the ridge immediately above the 
latter exposure is formed by a heavy bed of (14) hard, grayish blue, 
rusty weathered, spar-seamed, brecciated sandstone, with slickenside 
surfaces, and much broken up. It dips 75°, 8. 30° W., in places verti- 
cal. 

From the foregoing observations it is apparent that we at the outset 
of our examinations along the outlying southwestern border of therange 
encounter evidences of the extraordinary character of the disturbances 
which constitute so prominent a feature in its dynamical geology. In 
the short space gone over there are two sharp folds, that on the crest of 
which Station X VIII is located, pitching steeply to the northeastward, 
and in places thrown beyond the vertical, reversing the order of super- 
position of the strata involved in the overturn. The northeast face of 
Station X VIII ridge falls rapidly into the gulch of the main northwest 
branch of the East Fork, over a declivity covered with dense thickets 
and coniferous forests. Beyond lies a far more broken and higher mount- 
ain region, culminating in Station XXV, 10 miles to the northeast, which 
overlooks the lower valley of the Snake between Pyramid and Fall 
Creeks. To the north, this ridge attaches to the water-shed at Station 
XIX, northwest of which it sinks into a broad depression some six miles 
across and 800 feet in depth, opening a low pass from Willow Creek, via 
Fall Creek, across to the lower valley of the Snake. This pass is very 
like the depression at the head of McCoy Creek, though the cafoned 
course of Fall Creek affords a less practicable route for a highway than 
the more open valley of the former stream. The view looking south and 
southeast embraces the basin ridges west of Gray’s Lake, and the crater- 
like northwestern face of Mount Caribou, and far in the distance, in the 
direction of the Wind River Mountains, a line of snowy peaks stretches 
across the horizon. 

Approaching Station XTX from the valley of Willow Creek, a section 
is crossed which extends our knowledge of the component strata in a 
belt still more northerly than that just noticed. The way leads in a gen- 
eral northerly course a distance of about six miles, the southern third or 
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more belonging to the Willow Creek drainage, the remainder passing 

over the gentler slopes descending into the mountain basin of Fall 

Creek. In the gentle ascent which rises into the first ridge north of | 
Mosquito Creek,‘a heavy series of (1) reddish-buff or gray sandstone 

associated with chocolate-red shales, rarely blue shales as in the foot of 
the bluff on the south side of the streani, appears, dipping at an angle of 
about 45°, southerly. These deposits are here largely developed, the 

extent of the outcrops being probably not far from three-quarters of a 

mile across. From this first sandstone crest the way descends, passing 

along the broken saddle-crest to a corresponding and little higher ridge, 

perhaps a mile distant. In the sag (2) obscure sandstone exposures first 

appear, and beyond (3) another sandstone ledge outcrops in a vertical 
position, inclosed in deposits of red shales. The second ridge is capped 
by (4) a similar ledge of sandstone, dipping northward, followed in that 
direction by red shales and sandstones interbedded, which appear in the 
saddle connecting this with the water-shed ridge on which Station XIX 
was made. In the southerly slope of the latter ridge alternations of (5) 

gray, thin-bedded, spar-seamed sandstone and red shales are met with, 

but in the crest these are replaced by (6) a thick bed of dark gray and light 
drab, fragmentary limestone, dipping N. 45° EH. at an angle of 60°. The 

only fossil observed in this bed was a small indistinct Gasteropod appar- 

ently identical with a form prevalent in the Laramie of this region. In the 
northeast face of Station XIX ridge, a (7) heavy deposit of red shales fol- 

lows, and is in turn overlaid by (8) a heavy bed of gray limestone, crowded — 
with a form of small Gasteropod in a state of silicification, but so badly pre- 
served as not to be determinable with certainty. This ledge is so compli- 
cated by cleavage and joint planes as greatly to obscure the true bedding, 
which, however, was found to incline about northeast at an angle of 50° - 
This is immediately succeeded by (9) red shales, including gray brown- 
stained sandstone, more or less exposed in the foot of the steeper decliv- 
ity, from which the descent to Fall Creek is over a broad grassy terrace 
slope curiously eroded by the shallow lateral draws of the deeper drain- 
age channels, which divide this sloping bench into so many regular 
compartments. Owing probably to the nature of the deposits is due 
both the long and comparatively gentle slope descending to Fall Creek 
and the hidden or limited exposures met with along this part of the line 
of the section. But such as they are, and to give the facts as full 
record as possible, they are noted down in detail, their relative position 
being approximately indicated in one of the accompanying diagrams, 
where it will be seen that the strata referred to below occur over a space — 
above two miles across, in a direction at right angles to their strike. (10) 

Gray, brown-stained, coarse-grained, laminated sandstone, dip 65°, N. 
60° H. This bed is broken up by cleavage and joint structure, the 
planes of which incline to the southwest at angles of 20° to 35°, and, but 
for the laminz which portions of the rock still retain, might be mistaken 
for the bedding. A space several hundred yards across follows, in which 
only a single rock exposure occurs, near the middle, showing (11) a similar 
even-bedded rusty-gray sandstone. Then follows a dike-hke exposure 
of (12) light gray, very hard sandstone, much broken up, and tilted on 
end, though at certain points along the line of its exposure it is slightly 
inclined from the vertical southward; again, an obscurely laminated 
layer of the same bed dips at an angle of 60°, N. 40° EH. (13) Red shales 
with calcite, also small abraded or nodular limestone pebbles in surface. 
(14) Much jointed and fractured hard, gray, spar-seamed sandstone, 
with slickenside surfaces. ‘The rock shows false-bedded layers, but the 
prevalent lamination in the dark-brown stained portions indicates an 
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inclination 8. 55° W., at an angle of 47°, (15) Gray sandstone, break- 
ing into cubical blocks, lamine showing a dip of 35°, N. 35° E°. (16) 
Gray, thin-bedded or shaly laminated sandstone, rusty buff weathered, 
forming a heavy deposit 50 to 80 yards across its outcrop, and dipping 
32°, N. 40° E. (17) Gray-buff, thin-bedded, laminated sandstone, ex- 
posure 20 yards across, dip 35°, N. 40° E. (18) Gray laminated sand- 
stone, exposure 15 yards across, dip 30° to 40°, N. 5° W. to N. 459 BE. (19) 
Dark gray, thin-bedded, spar-seamed sandstone, 20 yards across expo- 
sure, dip same as last. North of the last exposure a shallow sag, several 
hundred yards across, intervenes between the higher and lower levels 
of the bench, in which occur obscure exposures of (20) reddish shales with 
calcite and selenite. In the upper edge of the lower platform appears 
(21) a narrow ledge of soft, thin-bedded, spar-seamed, gray sandstone, 
5 yards across its exposed edges, dip 60° to 70°, 8S. 50° W. (22) Gray, 
thin-bedded sandstone, very obscure exposure, at one point apparently 
dipping northeastward at an angle of 30°, the broken outcrop 10 yards 
across. (23) Coarse gray sandstone, associated with a 2-foot layer of 
bricciated or conglomeritic limestone composed of small fragments of 
drab limestone, dipping at angle of 75°, 8. 50° W. ‘This bed is included 
in reddish shales with calcite and gray sandstone. (24) Compact lam- 
inated gray sandstone, 5 yards across the exposure, dip 30°, N. 45° E. 
(25) Gray, fragmentary, spar-seamed sandstone, 2 feet, underlaid by a 
thin band of sandstone associated with red and drab shales, dip 25°, N. 
30° Ki. (26) Gray limestone débris in low swell, associated with reddish 
shales containing calcite, and nodules or pebbles of reddish stained and 
drab limestone in intermediate space. Thence to the brink of the bench 
the surface reveals only obscure exposures of (27) reddish shales with 
perhaps intercalated soft gray sandstone. In the face of the terrace- 
bluff on the west side of the Fall Creek intervale, a considerable thick- 
ness of (28) red and blue shales, with a heavy-bedded layer of gray sand- 
stone, was seen, the beds dipping at a moderate angle northeastward, 
and reappearing, or a part of the same series, in the opposite bluff. 

In the last series of strata mentioned above, beds 11 to 28, inclusive, 
conclusive evidence is furnished on their disturbed condition. But the 
repetition of similar strata, together with their generally indifferent ex- 
posure, did not allow the tracing out of actual identity of any stratum 
at different points, except along the outcrop of the same ledge. Hence, 
it is impossible to construct such a section as shall represent actual strat- 
igraphic continuity, though we may endeavor to represent, approximately, 
the position of the strata in their folded condition, the inferences for 
which disposition may be consulted in the diagram illustration of the 
above section. From this it is apparent that, within the space between 
Station XIX ridge and Fall Creek, these deposits have been thrown up 
in two quite sharp folds; and it is further probable that they succeed 
the strata of the latter locality conformably, the folds to the north sud- 
denly showing more gentle dips, which might, indeed, almost suggest 
the interposition of nonconfomity in explanation of their relative position. 
The southernmost series of strata included under No. 1 of the above 
section apparently belongs to the similar series occurring to the west 
of Station XVIII ridge; and it seems equally probable that the fold, 
the axis of which is represented by No. 3, also corresponds to the axis 
of the fold to which the beds of the latter locality belong. Hence, 
the limestones No. 6 and No. 8 evidently occur at a much higher hori- 
zon than that affording the vertebrate fossils at Station XVIII, from 
which the Laramie age of the associated strata at the latter locality is 
inferred. But besides these, whose fossils unfortunately do not admit of 
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present determination, there is found in the northern third of the pres- 
ent section a somewhat different series of arenaceous deposits, mainly 
characterized by their prevailing grayer color and generally looser text-. 
ure, and the greater preponderance of shaly deposits with which they 
are interbedded. At a locality a mile or so above the upper entrance to 
Fall Creek Cafion these deposits appear in the low blutis of an arroya 
on the southwest side of the valley, where they exhibit a vertical thick- 
ness of perhaps 75 feet. They consist of (a) a stratum of brown-gray, 
jointed, spar-seamed sandstone, which outcrops in the bed of the gully ; 
(b) blue and chocolate-red shales, 50 to 75 feet; (c) gray, spar-seamed, 
coarse-grained, sometimes conglomeritic, sandstone, in places thin-bed- 
ded, with oblique lamine, alternating with hard and soft layers, of which 
a thickness of 10 to 12 feet is exposed, dipping at angles of 25° to 33°, 
N. to N. 15° E. This locality derives much interest from the occur- 
rence in the upper sandstone (c) of the remains of a flora, which is 
represented by several varieties of as many dicotyledonous generic types. 
These were submitted to Professor Lesquereux, and in a note kindly 
announcing the result of his examination, the most perfectly preserved 
form is referred to Awralia. The specitic affinities of this fossil are 
thought to be intimate with Dakota Group forms; but while Professor 
Lesquereux takes due cognizance of this fact, he observes the probable 
Jater origin of this flora, and the strata in which it occurs, belonging to 
an epoch represented by the transitional or Laramie Group, which ush- 
ered in the dawn of the Cenozoic time. The conclusion here indicated 
corresponds with the discoveries reported by the survey in the country 
to the south, where vegetable remains of the same general facies, here 
referred to, are met with in otherwise well-determined Laramie horizons. 
In the opposite and steeper acclivity on the northeast side of Fall 
Creek basin, a splendid series of strata in direct, continuation of the 
foregoing section is pretty we]l exposed, affording the data for the fol- 
lowing detail stratigraphic section. This side of the valley is bounded 
by a rather regular ridge, which may be traced many miles to the south- 
east, where it culminates in a high crest at the head of Pyramid Creek, 
8,800 feet in altitude. It reappears in the heights south of McCoy Creek, 
between Station XX VII and Mount Caribou (Station XXVIII), while 
to the northwest it forms the portal of the upper entrance to Fall Creek 
Cation, and finally dies out some distance beyond Station XX, where its 
altitude is 7,400 to 8,000 feet above sea-level. As seen from Station 
XIX, the southwest slope of this ridge, descending into the mountain- 
basin, is painted in bright bands of color, light drab and pale red, and 
is for the most part quite free from trees. The upper portion of the slope 
is broken into three, more or less, gradually steepening tilted benches, 
from the foot of which a wide apron sweeps down into the valley, where 
it terminates in bluffs 100 to 200 feet in height, which here hem in the 
intervale-margined trout-stream. It isin the latter blufi-face the lowest 
or first exposures in this northeast border ridge are met with, and these 
belong to the series last mentioned in connection with the preceding sec- 
_tion in the opposite slope of the valley. The section is as follows: 


Section in the northeast border of Fall Creek basin. 


29. a, red and blue shales; b, gray, shaly sandstone, 5 feet exposed, 
underlaid by hard, indurated, ferruginous, gritty bed, dip N. N. E.; ¢, 
red and blue shales. 

30. Long grassy slope, in which obscure exposures of red and drab 
shales appear. 


PLATE XTX. 


Section im the northeast border of Fall Creek Basin. 
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31. Gray, thin-bedded sandstone, 10 to 15 feet exposed; dip 50° to 60°, 
N. 35° E. 


32. Reddish shales, obscure exposure 100 yards across. 

33. Gray, shaly, obliquely laminated, spar-seamed sandstone, forming 
a marked ledge in first sharp break in the slope, exposed 10 feet; dip 
65°, N. 35° E. This resembles the plant-bearing ledge in the opposite 
side of the valley, but it is doubtless much higher. 

34, Débris-covered slope, 25 yards across. 

35. Gray sandstone, 2 feet exposed. 

36. Reddish shales and débris in slope 100 yards across. 

37. Hard, brittle, gray and buff sandstone, prominent ledge, 10 to 15 
feet exposed; dip 50° to 60° N. 30° E. 

38. Débris-covered slope, 55 yards. 

39. Hard, brittle, fragmentary brown sandstone, 4 feet exposed; dip 
48°, N. 35° E. 

40. Débris-covered slope, 30 yards. 

41. Greenish-gray, brittle, fine-grained arenaceous rock, obscure ex- 
posure. 

42, Red shales, 55 yards. 

43. Thin-bedded, gray sandstone, 4 feet, underlaid by thin layers of 
fine-grained sandstone; dip 45°, N. 30° E. 

44, Red shales and debris, 20 yards. 

45. Gray sandstone, like 43. 

46. Débris-covered slope, 8 yards. 

47. Gray sandstone, like preceding. 

48. Ked shales with calcite and débris, 35 yards. 

49, Hard, brittle, rusty-weathered, gray sandstone, 4 feet exposed, as- 
sociated with gray and dark gray, laminated, fragmentary sandstone, 
with comminuted vegetable remains; dip 45°, N. 35° E. 

50. Debris-covered slope, 35 yards. 

51. Two ledges of sandstone, separated by debris-covered space, 15 feet 
exposed. The upper ledge is a gray, brown-weathered, shaly sandstone 
locally ; dip 50°, N. 40° H. 

52. Steep slope into depression, with obscure exposures of brown 
sandstone, 70 yards. 

53. Dark brown, drab-mottled sandstone, 3 feet exposed; dip 60°, N. 
40° Ki. 

54, Drab and red shales, with thin layers of gray sandstone, 45 yards. 

55. Gray, red, and brown-weathered, thin-bedded sandstone, 3 feet 
exposed; dip 65°, N. 35° E. 4 

56. Red and blue shales, 27 yards. 

57. Thin-bedded, hard, blue sandstone. 

58. Red shales, 15 yards. 

59. Gray, thin-hedded sandstone, 24 feet exposed; dip 55°, N. 40° E. 

60. Drab and chocolate-colored shales, 35 yards. 

61. Gray, spar-seamed, brittle limestone, with obscure traces of fossils, 
Lamellibranchiates, 2 feet exposed; dip 40°, N. 40° E. 

62. Drab shales, 25 yards. 

63. Drab-gray, fine-grained, fragmentary limestone, thin bed. 

64. Drab shales, 45 yards. 

65. Dark gray, coarse-textured, and drab, fine-grained limestsone, 4 
feet exposed; dip 60°, N. 40° E 

if Bluish and red shales, including a thin layer of sandstone, 60 
yards. - . 

67. Gray sandstone, 4 feet exposed. 

68. Reddish-brown indurated shales, 15 yards. 
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69. Gray, fine-grained sandstone; dip 65°, N. 30° E. 

70. Débris-covered space, 12 yards. 
71. Dark drab brittle limestone, 2 feet exposed. 

72. Drab shales and débris, 30 yards. 

73. Gray limestone, 3 feet exposed. 

74. Drab shales, 40 yards. 

15. Drab-gray, brittle limestone, 30 fect exposed. 

76. Abrupt slope into depression, covered with débris, 100 yards. 

77. Sandstone ledge, obscure. 

78. Débris-covered slope, 125 yards. 

79. Drab and gray, fine- grained, fragmentary limestone, a heavy ledge, 
dipping 70°, N. 30° E. 

80. Reddish shales, 80 to 90 yards. 

81. Gray, brown-stained, laminated sandstone, 10 feet, or more, ex- 
posed in rugged dike-like ledge; strike H. 33° S., dip wavering from 
vertical to the north or south, at an angle of 85°, 

82. Red shales, 30 yards. 

83. Sandstone, like bed 81, but less well exposed, standing in vertical 
ledges, or dipping steeply to the north or south, locally. 

84. Slope over red shales, and covered with oray sandstone and lime- 
stone débris, 80 yards. 

85. Dark gray, brown-weathered, fragmentary limestone, 10 to 15 feet 
exposed, passing below into greenish, gritty, calcareous layers; dip 40° 
to 45°, WN, 180 E. The upper layers are charged with the broken re- 
mains of a small Ostrea, like O. strigulecula, an undetermined Lamelli- 
branch, and a fragment of a shell doubtfully referred to Rhynchonella. 


The last-described limestone ledge forms the crest of the ridge bound- 
ing the northeast side of Fall Creek Basin, and as the ridge rises to the © 
southeast, the limestone is carried up to higher elevations, culminating 
in a rugged mountain cluster 8,400 feet actual altitude, and 1 000 to 
1,200 feet higher than the crest ‘at the point crossed by the section a 
couple of miles south of Fall Creek Cation. The ridge breaks down into 
a deep parallel gulch on the northeast, beyond which a series of similar 
ridges and ravines occupies the interval extending to the lower valley of 
the Snake, 8 miles distant. In the latter quarter the broken surface is 
covered with shrubs and conifers, the latter especially flourishing in the 
steep northerly slopes and filling the gulch beyond our ridge with a 
dense forest. The south-facing slope, however, is grassy with a sparce 
growth of scrubby cedars. To the northwest the highlands are much 
cut up by deep, narrow ravines, radiating from the watershed north of 
Station XX, which also forms the culminating crestin the northern part 
of the range. To the westward lies the depression, opening into the 
Middle Fork of Willow Creek, a region of low undulating surface con- 
tours, surmounted by the peculiar inclined benches which mark the 
presence of the gently upraised voleanics. The latter appear in the 
north slope of the depression, resting on the divide, and thence sweep 
round north of west, continuous with the great flows which fill the Wil- 
low Creek Basin. 

Ascending to Station XX, opportunity was had for carrying our sec- 
tion still farther into the heart of the range, where a variety of geolog- 
ical phenomena of unusual interest were noted. The way led up a 
gulch tributary to Fall Creek, and gaining the end of the spur rising 
north into the summit on which the station was established, the first 
ledges encountered cannot lie far north of, and consequently above (7), 
the uppermost stratum shown in the preceding section. South of this 
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point, in the abrupt slopes terminating the spur, sandstones and drab 
limestone ledges are seen, probably the equivalents of the strata oceur- 
ring below the summit in the ridge of the previous section. The section 
here exposed, along a north-south line, commencing one and a quarter 
miles south of Station XX, is as follows: 


Section through Station XX. 


85. Heavy ledge of grayish, rusty-weathered, fragmentary limestone; 
dip northward. This bed may be the same as that in crest of ridge 
southeast of Fall Creek Canton, shown under the same number in last 
preceding section. 

86. Sag, with bluish-gray, soft, shaly, gritty deposits above, 50 yards 
across. 

87. Dark gray, thin-bedded, fragmentary limestone, exposed 8 feet. 
Dip 35° to 45°, N, 25° KE. Contains segments of the column of Penta- 
erinus, and a small Echinoid (?) spine. 

88. Slight depression covered with débris, 50 to 60 yards. 

89. Gray sandstone, in part thin-bedded, obscure outerop in low crest. 

90. Deep sag, in the bottom and north slope of which appear red shales, 
120 yards, more or less. 

A Obseurely exposed ledge of bluish-gray, spar-seamed limestone, 5 
feet, apparently dipping S. 40 W., at an angle of 48°. Pentacrinus, and 
other indeterminate fossils. 

92. Drab, indurated, arenaceous shales, 30 yards. 

93. Limestone, similar to bed 91, 5 feet. 

94. Débris-covered slope, 30 yards. 

95. Dark blue-gray, brittle, spar-seamed limestone, 10 to 20 feet across 
the outcrop; dip 55°, N. 35° Ei. Contains Pentacrinus. 

96, Light drab, indurated shales, 30 yards. 

97. Limestone, like preceding bed, 10 to 20 feet across the exposure. 

98. Broad, shallow sag, with red shales, 100 yards. 

99. Brownish-red sandstone, obscure exposure. 

100. Débris-covered slope, with shaly, gray sandstone above, 150 
yards. 

101. Brown, hard, thin-bedded, gritty limestone, 5 feet exposed; dip - 
35°, N. 60 E. Contains a small Ostrea, O. strigulecula, White, and Pen- 
tacrinus. 

102. Gray indurated shales, 15 yards. 

103. Brown sandstone, obscure exposure. 

104. Débris-covered, shallow sag, 35 yards. 

105. Darkish-gray limestone, imperfect exposure of a heavy ledge, 
associated with “ ereenish- gray sandstone, 40 feet across outcrop; dip 
350°, N. 75° E. Obscure fossils. 

106. Grayish sandstone, seen in low, rocky ridge 40 feet across; dip 
44°, N. 55° Ki. 

107. Débris-covered surface, upon which rest large, abraded bowlder- 
like masses of dark, rusty vesicular lava with obsidian, 300 yards. This 
volcanic-covered bench is, perhaps, 400 feet lower than the summit. 

108. Heavy bed gray, thin-bedded sandstone, 20 to 25 feet; dip 25° 
to 30°, N. 35° E. 

109. Débris-covered slope, 60 yards. 

110. Dirty gray, fragmentary limestone, obscure exposure. Contains 
Belemnites densus ? Ostrea strigulecula. 

111. Slope, covered with debris and fragments of obsidian, 10 yards. 
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112. Very hard, dark blue, chocolate-stained, spar-seamed sandstone, 
5 feet exposed; dip 35°, N. 40° KB. 

113. Low ridge, covered with the rusty brown vesicular obsidian lava, 
also here occurring in abraded masses, 60 yards. 

114. Slope, showing red shales and obsidian fragments, 125 yards. 

115. Partially metamorphosed, hard indurated, chocolate-colored 
shales, dipping northeastward, but much obscured by cleavage, passing 
up into red shales, 250 yards. 

116. Dove-colored or light drab, fragmentary, sometimes earthy lime- 
stone, apparently forming a heavy bed, of which a thickness of 10 to 
20 feet is exposed; overlaid by harder, rough-weathered darkish gray 
and drab, heavier bedded limestone, with obscure fossils. The rock, in 
places, weathered light yellowish drab, and is intersected by thin seams 
of chalcedony. Dip north-northeast, at an angle of 30°, more or less, and 
flagging the northeast face of the mountain. 


Station XX affords a fine view of the mountain summits to the south 
and southwest, but to the north higher crests shut out the view of the 
northern end of the range. Looking down the great spur-like ridge 
which descends along the north side of Fall Creek Cailon, we gain a 
pretty clear knowledge of the lithological characters of the rocky strata 
and their distribution in the space embraced between Station XX and 
the nearest point on Snake River, six miles to the northeast, just above 
the entrance to its lower cafon in the basalt. Without presuming to 
give the actual dip of these strata, which the distance did not allow of 
satisfactory determination, their appearance has been incorporated in 
the diagram of the above referred to section, and which may be briefly 
noticed as follows: Outlying the summit of the station on the northeast, 
and beneath which its limestone mail passes im its northeasterly inelina- 
tion, the first break or double parallel ridge shows (117) a heavy deposit 
of red beds, largely composed of soft materials, with beds of brown and 
red sandstone. Next beyond, in a narrow succeeding ridge, is seen 
(118) a series of light drab bands, merging below into the reddish shales 
of the preceding. Next occurs a wide and very broken belt, one to two 
miles across, in which appear (119) heavy deposits of red-colored beds ; 
then succeeds a lower and narrower ridge, made up of (120) light-colored 
beds, followed by (121) a partially exposed red-bed ridge, apparently 
lying near the valley-side, south of the Snake. The strata of the two 
first series (117, 118) evidently dip with the limestones (116) in Station 
XX; but in the ridges beyond it was impossible to determine more than 
the general lithological peculiarities of the strata, which were seen to 
eross the spur in parallel bands. However, to the north we were able 
to extend our examinations into the belt of deposits here referred to, and 
the results will be alluded to presently. 

In passing up the south spur of Station XX, at a point about a mile 
from the station, an interesting exposure of the same series of strata 
shown in the foregoing section occurs in the northwest side of the gulch. 
The limestone and sandstone beds, 85 to 89, and others, have the ap- 
pearance of having been quite overturned, so that these beds as shown 
in the section actually occupy an inverted position. Iarther up the 
gulch, here and there exposures of light gray limestones are traced in 
the upper slopes, their outcrop nearly horizontal or gently inclined north- 

-erly, as though they constituted part of the roof of a broad-topped anti- 
clinal fold, in the southern flank of which the strata were toppled over 
past the vertieal, while in the opposite or northern flank they hold their 
natural relative position, where they are overlaid in order by the super- 
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imposed series of red deposits which, probably, in part, at least, pertain 
to a geological epoch as late as the Laramie. The few data afforded by 
the fossils in the upper limestones of the preceding section are ample to 
determine their Jurassic age, and so, also, of the lower limestones in the 
present section; and although their exact equivalents in the two sec- 
tions may be left unsettled, they cannot be far removed; the bed 85, if 
it is not identical with that of the same number in the former section, 
cannot be far removed from that bed or overlying it in the inverted posi- 
tion of these strata. At the latter locality it was observed that the 
plant-bearing sandstones and the associated red shales, which, under 
any circumstance, would not be referred to a period more remote than 
the Cretaceous, while they are believed to be not older than the Laramie, 
pitch into the mountain-side where they occupy a position apparently 
conformable to and underlying well-determined Jurassic horizons. If 
the appearances above alluded to are correctly interpreted, and there 
seems to be no other interpretation admissible, then we have the other- 
wise anomalous position of these strata fully explained in their being 
involved in disturbances which resulted in their upheaval and inversion. 
There is no evidence of faulting in the strata at this poimt by which the 
relative position of the plant-beds might be attributed to a downthrow 
on the south flank of the uplift. Hence, on the strength of the observed 
facts and inferences derived from all but as good sources, in reproduc- 
ing the sections across this part of the range, the structural features 
are given in accordance with the above-expressed conclusions. 

Assuming the inversion of the strata south of Station XX, it is ap- 
parent that the arch of the fold has been completely denuded in the 
mountain ridges bordering on Fall Creek Cation. But to the north there 
are signs, as above mentioned, of the existence of remnants at least of 
the beds that spanned the great fold. If the uplift represented a dis- 
placement of hundreds or even a few thousands of feet, the work of 
erosion has more than half demolished the structure erected by the 
dynamic agents which uplifted and corrugated the accumulations of ages 
of deposition on the ancient sea-beds. 

The northwesterly extension of Station XX ridge shows here and there 
remnants of the peculiar rusty vesicular lava, the disintegration of 
which has strewn the surface with fragments of obsidian. These vary 
- in color from jet black through various shades of lavender to drab, with 
spherulite disseminated through their mass. The obsidian appears to 
have been in concretionary masses, probably imbedded in the lava. At 
numerous points along this ridge, red shales and even sandstones appear 
to have been more or less changed by metamorphic action, probably 
derived from proximity*of the volcanic material. The relation of this 
rock to the sedimentaries was not satisfactorily revealed here; but it seems 
most probable that these remnants belonged to an immense flow which 
spread over the high lands when their surface was more even, or before 
erosion had fashioned it into its present complicated topographic re- 
liefs. The deposit here reaches an altitude of about 7,400 feet; and was 
again met with a few miles to the northwest, where it apparently forms 
a part, at least, of the volcanic cap of high benches sloping off in the 
direction of Willow Creek. 

About a mile northwest of Station XX, in a corresponding height, a 
heavy ledge, of brown weathered sandstone appears, dipping west of south 
at an angle of 35°. Between this point and the station, a similar brown- 
ish-red laminated sandstone outcrops in the crest of the ridge beneath 
the lava, where it dips at an angle of 45° to the north-northeast. It is 
associated with red indurated shales, and probably holds a stratigraph- 
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ical position inferior to the limestone in Station XX. Descending the 
spur westerly into the pretty little valley of a tributary of the middle 


fork of Willow or Poreupine Creek, perhaps half a mile from the above- ' 


mentioned height, a heavy ledge of drab-gray limestone forms a vertical 
dike, or hog-back, extending in an east-west direction diagonally across 
theridge. It is followed by a similar though lower ledge, inclined steeply 
southward; as also does the first mentioned in places. These ledges 
are apparently Jurassic, and probably belong to the Station XX uplift. 

In the low, grassy, undulating slopes bordering the little valley of 
Poreupine Creek, which is hemmed in on the south by the high voleanic- 


poe tie 


capped bench two or three miles west of Station XX, the surface shows ~ 


frequent, though obscure, exposures of red shales and gray sandstones. 
But to the west, these soon pass under the voleanic flows which slope 
down into the general level of the volcanic upland in which Willow 
Creek is deeply cationed. A similar but more isolated voleanic bench 
borders this little valley on the west, and which has from this point of 
view a butte-like appearance; but on gaining the summit (7,200 feet), 
it is found to bea plateau, sloping westward, and protected by a heavy 
covering of drab and pinkish trachyte, and yellow laminated readily de- 
composing varieties with mica flakes, which splits into thin uneven 
Slabs, giving to the rock a bedded appearance. It clearly rests upon 
the denuded edges of the tilted sedimentaries, but no trace of the pre- 
viously mentioned vesicular obsidian lava was here observed. This butte- 
like plateau is about four miles due west of Station XX, and little more 
than a mile southwestward of Station X XI, from which it is separated 
by the sag of Three-Deer Creek, which flows into the Porcupine; the 
southwest side marking the limits of the continuous volcanic formation, 
while to the northeast and east the hills are mainly sedimentary. A 
section carried from this point along a northeasterly line, passing through 
Station XXI, is given below: 


Section through Station XXTI. 


1. Trachytic cap of plateau between Porcupine and Three-Deer Creeks. 

2. Red shales and soft gray sandstones. 

3. Soft, false-bedded, shaly, gray sandstone, 15 feet exposed; dip 
50, N. 45° E. This ledge is partially concealed high in the northeast 
face of the voleanic-capped plateau, but in the lower ground to the south- 
east it is traced as a low hog-back ridge extending down into the Por- 
eupine Valley. 

4, Red shales, 200 yards across the exposure. 

5. Coarse, crumbling, rather even-bedded gray sandstone, 5 feet ex- 
posed, in low wall in the northeast flank of the volcanic plateau. Dip 
579, N. 40° K. 

6. Obscure exposures of blue and red shales and gray indurated sandy 
beds, with calcite, 300 yards. 

7. Soft gray sandstones with reddish shales, terminating below in— 

8. Heavy ledge of soft, shaly, gray sandstone, 10 to 20 feet exposed. 

9. Slope to Three-Deer Creek, showing obscure exposures of soft gray 
sandstone, with calcite fragments in the soil, 400 yards. — 

10. Gray, thin-bedded sandstone, in low bluff 50 yards northeast of 
the stream-bed. 

11. Débris-covered slope, 75 yards. 

12. Coarse, thin-bedded, gray sandstone, 10 feet exposed; dip 55°, 
N. 45° E. 


PLATE XX. 
A. 


Section in west flank of Station XXM Ridge. 
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13. Red and chocolate-colored, partially indurated shales, in slope 160 
yards across. 

14. Rusty-stained sandstone, 5 feet exposed. 

15. Débris-covered slope, 50 yards. 

16. Thin-bedded gray sandstone, 5 feet; dip 45°, N. 45° E. 

17. Chocolate-colored shales, 50 yards. 

18. Brown-stained laminated sandstone, 5 feet exposed. 

. 19. Débris-covered slope, 100 yards. 

20. Gray sandstone, obscure ledge. 

21. Débris-covered slope, 20 yards. 

22. Gray sandstone, obscure exposure. 

23. Steep slope, with red shales, 110 yards. . 

24. Hard, thin-bedded, laminated, rusty-gray sandstone, 5 feet ex- 
posed, but evidently much thicker; dip 50°, S. 35° W. Contains ob- 
seure vegetable impressions with a narrow salix-like leaf. 

25. Unexposed space, 35 yards. 

26. Hard, brittle, laminated, rusty-gray sandstone, 10 feet exposed in 
ledge forming crest of Station X XI ridge; dip 55°, 8. 35° W. 

27. Slope, no exposure, 50 yards. 

28. Brownish gray sandstone. 

29. Red shales, 50 to 75 yards. 

30. Gray sandstone, 10 feet exposed, dip southward. 

31. Red shales, 50 to 75 yards. 

32. Hard, thin-bedded, bluish-gray, brown-stained sandstone, heavy 
ledge 50 to 60 feet across the exposure ; dip southwestward. 

30. Red shales, 30 yards. 

34. Gray sandstone, like 32, 10 feet exposed ; dip 45°, 8. 45° W. 

30. Red shales, 100 yards or more. 

36. Bluish drab, fragmentary limestone, obscure exposure. 

37. Light drab indurated argillo-calecareous deposits, exposed at inter- 
vals, 1060 to 200 yards. 

38. Drab limestone and indurated light-drab calcareous shales, obscure 
exposure. 

39. Débris-covered slope, with small irregular dark*carbonaceous nod- 
ules in upper part, 50 to 100 yards. 

40. Drab, fragmentary limestone, 5 feet exposed. 

41. Red shales, 50 yards. 

42. Drab, fragmentary limestone, 20 feet exposed; dip 55°, 8. 40° W. 

43. Red shales, 100 to 150 yards. 

44, Gray and brown conglomeritic, spar-seamed sandstone, sometimes 
coarse-grained, crumbling, flagging, 10 feet exposed; dip 50°, 8. 50° W. 

45, Red shales, 75 yards. 

46. Drab, minutely brecciated, spar-seamed limestone with commi- 
nuted fossils, obscure exposure, dips southwestward. 

47. Débris-covered space, 20 yards. 

48. Drab, fragmentary, spar-seamed limestone, 12 feet exposed. Dip 
50°, S. 45° W. 

49. Limestone, like bed 48, heavy ledge exposed at intervals over a 
space 75 yards across. ’ 

59. Red shales, appearing in slope 200 to 300 yards across. 

51. Gray and brown friable sandstone flagging, 20 feet exposed; dip 
25° to 35¢, N. 45° B. 

52. Red shales, exposed in sag, 200 yards or more across. 

53. Drab, close-textured, fragmentary limestone, much broken up by 
cleavage and joint structure; apparent dip N. 45° E., at an angle 
of 35°. This rock occurs as a heavy ledge in the crest of a high ridge 
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about one mile northeast of Station XXI. The southwest face in places 
shows a low mural exposure, in which the surfaces slope southward at 
an angle of 85°; but this appearance is probably due to the cleavage — 
planes.. 

One and a half miles to the north and east the surface rises into still 
more elevated heights which form the culminating crest of this portion 
of the range—800 feet higher than Station X XI or 8,000 feet above sea- 
level. The deposits observed in this slope are as follows: ‘ 

54, Light-drab calcareous deposits, apparently a heavy bed consisting 
of limestones and indurated argillo-caleareous shales. 

do. Brown ferruginous sandstone, much broken up and dipping north- 
eastward, forms a heavy ledge in crest of low ridge opposite side of 
deep gulch, perhaps a quarter of a mile distant from the limestone ridge 
at bed 53. 

56. A heavy series of reddish deposits, perhaps half a mile acress. 

o7. Light-drab indurated calcareous deposits overlaid higher in the 
slope by still heavier deposits of— 

58. Reddish beds terminating in ridge half a mile below summit of the 
high barrier ridge. 


_ The occurrence and apparent relative position of the latter series of 
deposits are indicated in the diagram of the foregoing section. The age 
of the limestone beds north of the station was not determined from pa- 
leontological data; but that the southern exposures of gray sandstones 
and red shales are clearly identical with the plant-beds in the mountain 
basin of Fall Creek would seem to warrant the reference of the lime- 
stones to the Jurassic. The sudden change in the inclination of these 
strata, from a northerly dip in the southwest slope to southwesterly in- 
clination in the crest of the ridge at the station, seems to mark the posi- 
tion of the axis of the inverted strata involved in the overthrow of the 
fold; indeed this is quite clearly shown to be the fact in the exposures 
to the southeast, where the strata are seen to curve over in reversed po- 
sition. At all events, the identity of the phenomena observed here with 
what obtains in connection with the same set of strata in the vicinity of 
Station XX and in the upper basin of Fall Creek is quite apparent. 
Looking northwest, in the direction of Station XXII, the crest and 
northeast- lying ledges of Station XXI pass along the broken slopes in 
the order in which they are represented in the above section, the strike 
wavering slightly from a direct course and trending round more into an 
east- west and south-of-west direction as they approach the former sta- 
tion. This is indicated in the position there assumed by the crest 
sandstone of Station X XI, which is seen to curve over in a low-arched 
fold, with gentle inclination west of north. This feature is further and 
better explained by reference to an accompanying sketch, and will be 
more particularly alluded to presently. About one and a half miles 
north of Station X XI and the same distance little south of east of Sta- 
tion XXII, the watershed runs up into a high, isolated dome, 7,600 feet 
above sea-level, which is crowned by a heavy eap of trachyte similar to 
that in the high plateau southwest of X XI, but here associated with the 
rusty, vesicular, obsidian-bearing lava mentioned as occurring in the 
crest near Station XX. These deposits incline at a moderate angle 
southwesterly, but do not reach the elevated volcanic plain as at the 
former locality, erosion having formed a wide gap, separating this 
remnant from a similar sloping plateau which descends into the plain 
west of XXII. The débris from the voleanic rocks conceals the sedi- 
mentaries in the slopes, but in the steep declivity on the northeast side 
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of the mountain a thick ledge of hard, darkish gray, laminated sandstone 
is exposed in a low wall which sweeps down into the deep gulch in the 
direction of the exposure of bed No. 55 of the preceding section, with 
which it is either identical or but little removed to the north. The dip 
of the bed here is north-northeastward at an angle of 45°. In the oppo- 
site direction the same narrow comb is still traced in the flank of the 
ridge towards Station XXII, the trend curving gently round into a 
course south of west. In a lower eminence of the ridge, west of the 
trachyte dome, occurs a heavy bed of hard, reddish-gray, laminated 
sandstone, in thin layers, very like that last- mentioned above, and dip- 
ping at an angle of 409, N.10° W. , though variable, as though it formed 
part of the undulating arch of a low dome or fold. It is here overlaid 
by a ledge probably the same as that in the trachytic dome, which out- 
crops in the north flank 300 yards below the crest. To show the vari- 
able lay of these strata, even within short distances, at one point in the 
west end of this eminence the bed dips westward at an angle of 20°, and 
in the low connecting ridge just beyond the dip is to the N. 5° W.,, at 
an angle of 302. These beds are apparently underlaid by a ledge of 
dirty brown, minutely brecciated or conglomeritic gritty limestone, upon 
which rests a gray sandstone; and in the summit of the high point half 
a mile east of XXII, there appears a still higher heavy ledge of gray, 
reddish-tinged, laminated sand: stone, changed almost to the condition 
of quartzite, dipping 40°, N. 159 W. The latter may belong to one of 
the previously mentioned ledges. 

Passing from the last- mentioned point to Station XXII, the summit 
of the mountain is found to be capped by a much broken "up exposure 
of flesh-tinted, gray, intensely hard sandstone, dipping northwestward. 
In the southeast declivity, about 200 feet below the summit, the descent 
is broken by a low mural exposure, W rhich forms so conspicuous a a feat- 
ure in the mountain-side as seen from Station XXI. This wall shows 
a thickness of 15 feet or more of very hard, laminated, gray, reddish- 
tinted sandstone, almost a quartzite, which, at the point examined, dips 
15° to 269, N. 5° E. Ina less marked bench intery ening between the 
above and the summit, a heavy ledge of thin-bedded, gray sandstone 
outcrops, with a dip of 400, N. 45° Ei. The lower ledge is, as previously 
observed, identical either with that forming the crest ‘ot Station X_XI or 
the next ledge to the south, the bed and associated strata at the present 
locality apparently holding’ an inverted position. 

The above somewhat disconnected observations are introduced with 
the view of presenting all the leading data possessed that may aid to a 
fair elucidation of the complicated structural features pertaining to the 
west flank of the northern portion of the range. It would appear that, 
in this northern country, phenomena of the kind here mentioned are by 
no means of rare occurrence; but in the present instance, to the writer 
at least, they were of so ereat interest, and in spite of our ‘oppor tunities, 
or their lack, not quite worked out to our perfect satisfaction, that it 
was deemed preferable to give a summary of the detail examinations on 
which the conclusions arrived at were based, that they may be showr to 
be consistent with the facts so far as observed, 

Station XXII oceupies a commanding position on the western verge 
of the range at the head of Smoke Creek (east fork of Willow Creek), 
immediately overlooking the west-sloping volcanic plateau which termi- 
nates in a line of steep, “high blutts, fronting the station on the west and 
northwest, and whieh were once continuous with the similar benches 
either side of Poreupine Creek. These volcanics, as at the latter local- 
ity, gently slope to the level of the yoleanic-floor ed upland bordering the 
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hills. To the southwest a belt of low grassy foot-hills sweeps round the 
northern border into the debouchure of the Snake, in which highly tilted 
reddish-brown strata appear, overlaid by voleanic flows whose débris | 
forms bare roeky slides in the high declivities, like the disintegrated out- 
crops of voleanic-filled fissures or dikes in the sedimentary formations. 
The voleanics, indeed, sweep up on the higher eminences, crowning iso- 
lated points on the watershed within a short distance north of Station 
XXII, increasing in consequence farther north, where they doubtless 
still envelope quite extensive summit areas, and remnants like that on 
the high point between the last two stations were met with on the north- 
east flank of the range. These higher deposits are trachytic and rusty 
vesicular lava or porphyritic trachyte, the latter often met with in bowl- 
der-like masses. Crater Buttes and the Sand-Hills appear near at hand, 

though 30 or 40 miles. to the northwest, the mirage mimicking a lake 
expanse at their base. The Three Buttes, huddled together from this 
direction, are seen far away to the southwest. Haze fills the great plain 
of the Snake, on the farther side of which the crests of the distant lofty 
ranges of the Salmon and Boise appear like phantom mountains, their 
bases buried in the evening gloom, and their summits lighted up with 
indeseribably delicate tints, only less brilliant than the glow of the west- 
ern sky into which the more distant ranges dimly fade. But at a later 
hour, when the light has faded, and the sky an even silvery blue, against 
which the mountains are projected in sharp relief, the grandeur of the 
effect is almost inconceivable. These early morning g and ¢ evening studies 
compensate a thousand fold the midday weariness of the shimmering 
plain and shadowless mountains and low overarching brazen sky. 

Crossing around the narrow northern end of the range, the gray sand- 
stones and red shaly deposits are met with along the western flank in 
the shallow valleys hemmed in by the trachytic flows, and a few miles 
north of XXII, these deposits pass out into low, rounded, grassy hills, 
where they appear as variegated beds over a limited area, but are soon 
hidden beneath the encircling volcanics. The sedimentaries appear in 
a low, broken ridge at the north end of the watershed, from the foot of 
which spreads a gently undulating plateau bench, to the north sinking 
into the voleanic upland, which descends into the broad debouchure of 
the Snake. The low ridge is composed of heavy ledges of gray and red- 
dish laminated sandstone and shales, with drab and gray fragmentary 
limestones, the southerly dip gradually lessening from an angle of 50° 
on the southwest border of the ridge to 15° in the western border of the 
plateau, in which latter quarter these deposits seem to form the roof 
of a low-arched fold. To the east the plateau is floored by volcanic 
rocks, consisting of the vesicular lava and trachytie débris, and extend- 
ing across to the eastern border, where they show heavy ledges in the 
coping of the high bluffs on Grouse Creek. The sedimentaries above al- 
luded to are doubtless the series shown in the section through Station 
XXI, belonging, however, to a fold on the north of that repr esented at 
the latter locality. 

In the angle between Grouse Creek and the Snake the culminating 
crest of the range terminates in the height selected for Station XXL, 
from which the view, looking northward out over the debouchure of 
Snake River, gives ata elance the relations of this bay-like expanse to 
the converging mountain barriers, which, a little higher up, define the 
border limits of the lower valley of the Snake and its southern extension 
up Salt River south of the grand cation. This indentation belongs prop- 
erly to the upland yoleanic region, which everywhere in this “quarter 
margins the great plain—a sort of transition from plain to highlands— 
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and, as is the case with all these wide recesses, like the Blackfoot, Willow 
Creek, and Pierre’s basins, the debouching river, immediately it leaves its 
valley course to cross this upland tract on its way to the plain, enters 
the “lower canon,” which it has excavated deep into the voleanic ma- 
terials that fillthe recess. On the northeast side of the valley the Snake 
River Mountains gradually descend and run out in along, narrow, rocky 
spur, flanked by the voleanic benches. The southwestern flank of this 
range we did not again approach nearer, the heights on this side afford- 
ing excellent opportunity for studying its topography, while the unford- 
able state of the river prevented its passage at any higher point for the 
purpose of making closer examinations of the geology of the mouutain 
front, which for several days was provokingly near. 

Beneath the trachyte in the steep slopes on Grouse Creek chocolate- 
colored shales appear; but in the opposite slope, descending from Sta- 
tion XXIII, a couple of miles to the southeast, the sedimentary beds are 
again revealed, afiording the following section: 


Section through Station XXIII. 


1. Chocolate-colored shales, in bluff on west side of Grouse Creek, 
overlaid by drab and pink trachyte, dipping gently northwestward. 

2. Gray, brown-weathered, thin-bedded sandstone, 7 feet exposed in 
foot of slope east side of Grouse Creek; dip 58°, 8. 65° W. 

3. Débris-covered slope, 120 yards. ‘ 

4. Dark bluish-gray, rusty brown weathered, fragmentary, coarse, 
gritty limestone, 5 feet exposed; dip 63°, 8. 65° W. 

5. Gray, brown-stained sandstone, obscure exposure, space 85 yards. 

6. Red and chocolate-colored shales, space 45 yards. 

7. Chocolate-colored and drab fragmentary limestone, and drab indu- 
rated or nodular calcareous deposits, obscure exposure, 35 yards. Dip 
30°, 8. 

8. Red and chocolate-colored shales, space 75 yards. 

9. Dark-gray, gritty ledge, obscure exposure. 

10. Bluish-gray, brown-weathered sandstone, obscure. 

11. Unexposed, space 9 to 11, inclusive, 35 yards. 

12. Red and chocolate-colored shales, space 25 yards. 

13. Dark chocolate-drab, brittle, fragmentary limestone, 15 yards across 
the exposure; dip gently northeastward. 

14. Chocolate-colored and red shales, 50 yards. 

_ 15. Rough, fragmentary, chocolate-brown limestone, obscure ledge. 

16. Débris-covered slope, 50 yards. 

17. Rusty conglomeritic deposit, associated with fine, grayish, lam- 
inated sandstone above, forming a heavy ledge 15 to 20 feet exposed ; 
dip 20°, N. 55° E. ee i 

18. Débris-covered slope, with fragments of light-bluish limestone with 
unrecognizable fossils, 50 to 100 yards. 

19. Heavy conglomeritic ledge, forming irregularly eroded mural expos- 
ures, 30 feet, more or less, in height, encircling the brow of the hill, and 
showing an inclination to the north or northwestward at an angle of 20° 
to 25°. This ledge is very variable in the nature of its components, in 
places appearing as a variegated trachytic tuff, in color, buff, chocolate- 
red mottled, drab and pink-drab, with small dark specks. But the most 
characteristic feature is its conglomeritie structure, showing a variety 
of slightly abraded coarse materials, chiefly quartzite with small frag- 
ments of limestone, ranging in size from gravel to small bowlders, 
arranged in layers and impacted in a light-buif fine paste. 


a 
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20, Coarse vesicular, rusty lava, occurring in abraded bowlder-like 
masses in the sloping plateau-like summit at Station XXIII. 


The rock last mentioned above is probably the same as that previously 
mentioned as occurring in the watershed summits in the vicinity of 
Stations XX, X XI, and northward. Only here it is associated with 
an inferior fragmental deposit, possibly also of voleanic origin, the pres- 
ence of which is of more than ordinary interest for the evidence it 
furnishes of the character and relative position of a kind of volcanic 
products not of infrequent occurrence in this region. 

It is apparent that the sedimentary deposits in the northwest flank of 
XXIII are the same as those met with on the west slope of the range a 
few miles distant, and it is not improbable that the limestones prove to 
be Jurassic, though the few traces of organic remains, unfortunately, are 
not in a condition suitable for identification. In the steep south and 
southeast slope, red shales show here and there, 100 to 200 feet beneath 
the conglomerate, whose disintegration has strewn the declivity with 
debris. In the foot of the declivity, perhaps a quarter of a mile south 
of the summit, a ledge of drab, gray-mottled, rough weathered, spar- 
seamed limestone appears, showing an exposed thickness of 8 feet, and 
dipping 35°,N.40°W. It contains afew fragments of Ostrea strigulecula (?), 
determining its Jurassic age. From the latter point the saddle ridge 
extends southward to a high plateau-like summit, one and a half miles 
distant, in the slightly tipped up east and southeast rim of which there . 
appears a ledge of rusty vesicular lava, inclining gently northwestward 
with the surface, which is covered with groves of fir and aspen and open 
grassy glades. Midway and to the south along the connecting spur, 
heavy ledges of gray and light drab heavy bedded limestones, including 
a bed of reddish gray laminated sandstones, 5 feet exposed, and red 
shales, lap up on the western flank, and at one point arch over the ridge 
in an anticlinal fold, with dips N. 35° to 55° H., at angles of 25° to 45° 
on the one hand, and 8. 40° W., at an angle of 25°, more or less, in the 
opposite flank. The limestones of the west flank of the fold form a rocky 
spur leading up to the summit of the plateau, where they pass from 
sight beneath the volcanic flow. Bowlder-like masses of the latter, with 
fragments of black obsidian, were found scattered along the crest of the 
saddle-ridge; but the volcanic conglomerate was not again detected in 
the high mountain summits. 

The sedimentary beds above alluded to are very variable in the direc- 
tion of their strike, so much so as to greatly increase the difficulty of 
tracing the folds into which they have been uplifted for any distance in 
so broken a country as this. From what we have been able to learn, it 
would appear that the strata, in this northern portion of the range, have 
been subjected to disturbing agencies even more complicated in the re- 
sult of their action than what obtained in the range to the south. 

In the southeast flank of the little mountain plateau the sedimentary 
ledges again appear, where, as seen from Station XXIV, they exhibit 
an interesting abrupt fold, which has every appearance of being inverted 
on the northeast. The exposed strata involved in this overturn seem 
to be identical with the exposures observed in the before-mentioned fold. 
in the saddle-ridge on the opposite side of the plateau. These beds 
again appear in the crest of the ridge just southwest of Station XXIV, 
where, however, they are simply uplifted into a low arch of quite sub- 
ordinate importance, forming merely a wrinkle in the generally south- 
westerly inclined strata. 

‘Half a mile or so southeast of the voleanic-capped plateau, with which 
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it is connected by a deep saddle, rises a high conical peak (about 7,600 
feet), the crest of which is formed by a heavy ledge of hard reddish 
buff sandstone or quartzite, much broken up by cleavage and joint 
structure, and dipping southwestward. This ledge runs obliquely down 
into the cafion on the south, and thence climbs the steep slopes to the 
crest of the opposite ridge, where it forms another rugged comb outlying 
the highest summit of the range north of Fall Creek; to the northwest 
it soon passes into the volcanic mountain-plateau and is soon lost to 
view. On the southwest flank of this peak 100 feet below the summit 
a similar heavy ledge of darker rusty gray and buff laminated quartzite, 
or hard sandstone, forms a dike-like comb skirting the hillside, in which 
a thickness of 20 feet is exposed, dipping apparently N. 50° E., at an 
angle of 75°. The relations of this ledge to that occurring in the sum- 
mit, from which it differs mainly in its darker color, were not clearly 
displayed. In the ridge to the southeast, where its accompanying ledge 
is well exposed, there is no indication of these strata being folded into 
a sharp synclinal, and its position here may be due to disturbances of 
merely local extent. This peak is about two and a half miles northeast- 
ward of the previously mentioned trachytic-capped dome on the water- 
shed equidistant between Stations XXI and XXII. In the interval 
between these two points, an extremely broken region on the headwaters 
of Grouse Creek, the same series of strata occur as was noticed in the 
belt on the northeast flank of the range between Station XX and the 
Snake, four miles to the southeast of the present locality, and also north- 
east of Station X XI midway between the two latter points. The inter- 
val here consists of alternating belts of red shales, reddish and gray, 
_ brown weathered sandstones, bluish limestones and light drab calcare- 
ous deposits, none of which are exposed continuously over any consid- 
erable area, but appear here and there in isolated patches in the steeper 
slopes and crests. , The above deposits, extending over to the trachytic- 
capped dome, are introduced in the following section, connecting with 
the examined horizons in the section through Station XXI. The present 
section from the quartzite peak passes along a line northeast to Station 
XXIV three-quarters of a mile, thence in a nearly easterly direction 
four and a half miles, to the nearest point on Snake River, and is as 
follows: 
Section through Station XXIV. 


a. Red deposits, occupying a wide belt, and perhaps identical with 
bed No. 58 of section through Station X XI. 

b. Red and light-drab deposits, the latter probably limestones and 
indurated calcareous shales. 

¢. Light-drab deposits, occurring in a narrow belt, and may be the 
same as the light band under last above number. 

d. Heavy deposit of red beds, sandstones and shales, apparently dip- 
ping southwestward. 

e. Drab calcareous deposits. 

J. Red deposits, sandstones, &e. 

1. Quartzitic sandstone, 20 feet exposed; dip 75°, N.'50° E. 

2. Unexposed space. 

3. Similar quartzitic sandstone, a heavy ledge; dip southwestward. 

4, Blue and drab shales, with indurated ferruginous gritty layers and 
nodules in alternating thin bands, 60 feet; dip 45°, S. 40° W. 
_ 5. Dark brown, shaly, ferruginous gritty limestone, underlaid by a 
ogg thickness of gray arenaceous rock, 10 feet exposed; dip same as 

st. 
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6. Chocolate-colored shales, 60 yards across the exposure. 

7. Heavy-bedded, hard, gray limestone, obscure exposure. 

8. Reddish shales, thick deposit. 

9. Gray sandstone, obscure exposure, 200 yards N. E. of bed 35 dip 
50°, 8. 55° W. 

10. Red shales, 100 yards. ; 

11. Heavy-bedded, rough-weathered, bluish-drab limestone, much 
fractured by joint and cleavage structure; dip 50° to 55°, 8. 50° W. 

lla. Drab, spar-seamed limestone, probably belonging to preceding 
bed, curved over and forming part of an arch, as seen at— 

11b. Limestone same as preceding; dip N. 45° EK. at an angle of 189°, 
more or less. 

11c. Limestone, similar to the preceding bed, exposed in foot of aceliv- 
ity rising into Station XXIV; dip southwestward at an angle of 30°. 

1id. Limestone, similar to preceding, bedding much obscured by joint 
and cleavage structure, exposed 20 feet; dip 30°, W. 20° N. Forms 
summit ledge at Station XXIV. The limestones mentioned under the 
above numbers, 11-11d, appear to be inverted in a sharp fold in the oppo- 
site side of the gulch to the northwest, as mentioned in a preceding 
page. 

12. Red shales, 50 yards. 

13. Reddish-gray sandstone, beautifully laminated, a heavy bed, 10 
feet exposed ; dip 25° to 30°, westward. 

' 14, Unexposed. 

15. Sandstone, similar to preceding bed. 
16. Unexposed. 
~17. Sandstone, like the preceding. 

18. Reddish chocolate-colored shales. 

19. Dark brown and gray, gritty, shaly limestone, with Ostrea strigu- 
lecula (?), underlaid by gray shaly sandstone, 20 feet exposed; dip 30°, 
8S. 65° W. Outcrop 200 to 300 yards below bed No. 13. 

20. Unexposed, 20 to 30 feet. 

21. Heavy-bedded reddish sandstone, 20 feet exposed. 

22. Red shales, 50 to 75 feet. 

23. Thin-bedded, reddish-gray sandstones, with ripple markings, 15 
feet exposed. These heavy sandstone ledges are finely exposed: in the 
slopes on the opposite side of the canon to the southeast. 

24, Dark blue and chocolate-colored shales, 100 feet or more, exposed. 
in saddle. 

25. Heavy-bedded gray limestone, with obscure spiculee and Pentacrinus 
remains, exposed 10 feet; dip 25°, W. 30° N. The bluff or transverse 
ridge outcrop of the ledge is some 300 or 400 yards below the bluff ex- 
posure of bed No. 19, the west-facing slope being covered with limestone 
débris to the saddle. 

- 26. Drab or blue indurated caleareous shales. 

27. Drab limestone, obscure bench exposure. 

28. Reddish and drab shales. 

29. Drab, brittle limestone, even bedded below, exposed 15 feet, 400 
to 500 yards below bed No. 25. Dip 25°, west. 

30. Unexposed space, 50 to 75 yards. 

31. Dark drab, fragmentary, spar-seamed limestone, 15 feet exposed. 
Dip 32°, W. 5° 8. 

32. Unexposed space, 30 to 50 yards. 

33. Blue, drab-mottled, rather even-bedded limestone, like No. 31, con- 
taining Ostrea strigulecula (?). This ledge here makes a slight fold or 
wrinkle, gently inclined on the southwest, but more steeply pitching on 
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the opposite side at an angle of 30°, N. 35° E., and again gently rising 
to the northeast, where it forms a low bench outcrop 50 to 75 yards 
from the axis of the fold. <A thickness of 20 feet is exposed. 

34, Red shales, space 40 yards. 

35. Drab, fragmentary limestone, obscure outcrop. 

36. Débris-covered slope, 25 yards. 

37. Uneven heayvy-bedded buff limestone, apparently interbedded or 
associated with drab limestone, 20 to 30 feet exposed. The buff ledge is 
variable in inclination, dipping at one point 28°, W. 45° N., and a few 
yards to the east changing to N. 30° to 45° EK. at an angle of 30° to 359, 
in the direction of the general slope, and passing under the trachytic 
ledges which here rest on the crest of the ridge. The buff limestone 
much resembles a tufaceous spring deposit. ; 

38. Drab and chocolate-colored trachytie débris in crest of spur-ridge 
apparently filling a gully or sag 200 to 300 yards across. 

39. Reddish-gray and buff, hard, obliquely-laminated quarizitic sand- 
stone, with slickenside surfaces and much broken up by joint and cleav- 
age structure. Formsa heavy ledge, dipping 25° to 45°, 8. 30° to 60° W. 

40. Slope, with sandstone débris in low bench midway, 400 to 500 
yards. 

41. Débris of drab, indurated calcareous shales and nodular limestone, 
in brow of steep declivity. 

42, Unexposed, 100 yards. 

43. Heavy ledge of light and dark drab limestone, 20 feet exposed, in 
prominent transverse ridge. Dip 45°, 8S. 50° W. 

44, The main crest of the spur from the above ledge is composed of 
trachytic rock, which sweeps down into the valley, terminating abruptly 
in high bluffs on the Snake just above the entrance to the “ lower caiion.” 
The undulating crest of the ridge is covered with considerable quantities 
of water-worn pebbles and bowlders of sedimentary and other rocks. 

45. Crossing over to the next spur-ridge on the southeast, in the slope 
perhaps half a mile from the last limestone ledge, 43, there appears the 
débris outcrop of light bluish spar-seamed limestone, which, lithologic- 
ally, bears astrong resemblance to the Carboniferous limestones, although 
no fossils were here discerned conclusively demonstrating their age. 

46. The above ledge is followed by a heavy ledge of pinkish-gray, 
laminated quartzite, dipping 50°, 8. 55° W., which forms a narrow abut- 
ment ridge across the foot of the spur through which the little brook has 
cut a picturesque cailon passage just before it emerges into a miniature 
basin and flows out to join the Snake half a mile below. 


The little basin at the foot of the above-mentioned spur on the edge 
of the Snake Valley, a few hundred yards distant from the quartzite 
wall, is partially hemmed in by a low conical hill 200 to 309 feet in height, 
which shows weathered masses of flesh-colored and drab trachyte 
protruding in the upper slopes, similar to that observed in the trachytie 
continuation of the main spur a mile or so to the north. The volcanic 
ledges here apparently rest upon a deposit of soft drab earth, but so 
imperfectly exposed as not to show clearly its character. It resembles 
the earthy material found in connection with the late Tertiary deposits 
and superimposed trachytic mantle, as seen at the before-mentioned 
localities in the vicinity of Station X XX, and elsewhere in the valley of 
the Blackfoot. The water-worn drift material alluded to under No. 44 
of the foregoing section, is found scattered plentifully over this little 
butte, and chiefly consists of quartzite bowlders, with few of limestone. 
Similar occurrences of this erratic material were subsequently met with 
higher up the valley. 
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In regard to the age of the various deposits shown in the foregoing 
section, the probable post-Jurassic age of the variegated red shales and 
sandstones and caleareous deposits which appear in the belt of country | 
lying to the southwest of the initial pomt proper of the detail 
section has already been remarked. Outlying the hard quartzitic 
ledge No. 3 on the northeast, a heavy series of drab limestone 
deposits, with interbedded variegated red, chocolate, and blue shales 
and reddish sandstones is met with, the fossil contents of which furnish 
conclusive evidence of their Jurassic age. It is difficult to estimate the 
thickness of this series, but it is probably not less than 2,000 feet, and 
this is believed to be considerably under the truth. The connection of 
this series with the limestones within the quartzite terminus of the spur, 
bed No: 45, was not traced, the slope being covered with voleani¢ mate- 
rials and débris; but on lithologic grounds the latter deposits were 
compared with the Carboniferous. By reference to the report of Pro- 
fessor Bradley (Report U. S. Geol. Survey, 1872, p. 270), it is probable 
that this is the locality and these the identical exposures he mentions, 
after crossing to the southwest bank of the Snake below the mouth of 
Fall Creek, in which he saw-“‘a few Carboniferous fossils.” The latter 
series may extend up to, and include, the limestone bed 43, betwixt 
which and the Jurassic limestone, 35 and 37 (?), intervenes a rather wide 
belt, apparently filled with reddish-tinted brittle sandstones and softer 
materials, which occupy the position of the “red beds” of the Triassic 
series. The firmer ledges of this series are seen to good advantage in the 
opposite steep slopes on the south side of the canon, where they are steeply 
inclined southwestwardly, as represented in the accompanying diagram 
of the section at this locality. The strike of these deposits, throughout 
the line eceupied by the present section, is pretty uniformly southeast- 
ward and northwestward, the exceptions to this mean direction being 
few and merely local. . Professor Bradley saw, probably a little below 
the point visited the present season, in connection with and succeeding 
the quartzite above, “coarse and fine white sandstones, and a very fine- 
grained white dolomitic limestone, all of uncertain age, though older 
than the overlying limestones,” which latter have been identified with 
horizon No. 45 of the present section, in which he reported the finding 
of Carboniferous fossils. Hence it might be reasonable to infer the 
Silurian age of these basal deposits, whose tilted edges skirt the north- 
eastern foot of the range, but for the fact that dolomitic limestones also 
oceur in the Carboniferous. 

Above the little trachyte butte the voleanics have been swept clear of 
the foot of the range, the Snake bottoms extending to the quartzite ledge 
which here forms the abrupt base of the mountain for a couple of miles, 
when the voleanics again occur in a high bench, reclining on the flank of 
therange. In the angles of the debouchure of Fall Creek, perhaps a couple 
of miles above its mouth, the flank of the range is composed of heavy 
deposits of bluish-gray limestones, probably of Carboniferous age, ap- 
pearing in low foot-hills from beneath the volcanics, 500 or more feet 
above the river. As far up the winding and exceedingly rugged defile 
of Fall Creek as we can see, the sedimentaries dip up-stream, or south- 
westward. The quartzite which forms the base of the range at Butte 
Creek, three miles northwest, has been denuded at the latter locality, 
giving place to the Carboniferous, which holds this position for several 
miles to the southeastward, when it also passes into the valley space, 
and it is in turn replaced by the highly tilted red sandstones, as will be 
noticed more at length beyond. It would seem probable that the Car- 
boniferous deposits formed a great arch, the opposite flank of which is 
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hinted in the northerly inclined strata of similar appearance, which make 
up the barrier on the northeast side of the valley in the quarter here 
referred to. : 

Three miles above Fall Creek, at the point where a little stream de- 
scends into the valley from the abrupt northern or front spur descending 
from Station X X V—one of the dominating points of the eastern front of 
the range between Fall and Pyramid Creeks which here attains an actual 
altitude of 9,000 feet, or 3,600 feet above the Snake—opportunity was 
afforded for the prosecution of some interesting detail examinations in the 
sedimentaries which here make up the northeast front of the range, the 
results of which are given below. This locality lies about three miles to 
the northwestward of Station XX V and four miles east-southeast of the 
debouchure of Fall Creek. As the little stream debouches from the 
mountains its bed lies in a cation across the high volcanic bench which 
rests against the foot of the range, the relative position of which is shown 
in an accompanying section-diagram, the further notice of which is de- 
ferred to the section specially devoted to the description of the physical 
and geologic features of the lower valley of Snake River. This volcanic 
bench extends back from the river between one and two miles, when the 
base of the range proper is reached, where, on the west side of the little 
stream, that part of the section relating to the sedimentaries begins, ex- 
tending thence in a south-southwest course to the crest of the before- 
mentioned front spur, and is as follows: 


Section north of Station XXV. 


1. Gray limestone, in places light granular suberystalline, appearing 
in bench outcrop at foot of ascent, much broken up, and not satisfactorily 
showing the bedding. - Dip probably southwestward, though at one point 
certain planes, probably joint structure, pitch to the N. 25° W. at an 
angle of 80°. Contains Sienopora or Iistulipora, crinoidal remains, Fen- 
estella, Spirifer, Productus, asmall Platyceras, &c., all characteristic forms 
of the Carboniferous. This outcrop is 800 to 1,000 feet above Snake 
River, the volcanics in places even reaching a higher level on the flank 
of the mountain. 

2. Long slope, with no rock exposures in situ, perhaps half a mile, 
covered with groves of large pine, undergrowth, and open grassy plots. 

3. Pink, laminated brittle sandstone, almost a quartzite, forming a 
heavy ledge, dipping gently southwestward, like the flagging of a dome 
or arch. 

4, Bluish-drab, spar-seamed limestone, pertaining to a heavy ledge, 
and contains a large Bellorophon. The bed dips 8. 45° W. at an angle 
of 30°, but at a neighboring exposure the inclination changes to N. 50° 
E., at an angle of 26°, indicating the axis of a fold or undulation in the 
strata. A few fragments of black obsidian were observed in the soil at 
this place. ; 

5. Gray, heavy-bedded limestone, with irregular seams of rusty: gray 
chert or siliceous bands, in low bench exposure 75 to 100 yards south of 
No.3. Dip 22° southwestward. Contains Productus and a large Spirifer 
like S. cameratus. 

6. Unexposed, sag. 

7. White, fine, granular magnesian (?) limestone, a heavy ledge, 10 
feet exposed; dip 35°, southwest. 

8. Reddish-buff indurated arenaceous bed. 

9. Dark-blue and gray siliceous limestone, with dark chert; heavy 
bed, dip 35°, 8S. W.  Spirifer, Pleurotomaria. 
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10. Rough- bedded, quartzitic sandstone, forms coping of sharp crane 
verse ridge, 100 to 200 yards south of No. 5 

11. Slope, with obscurely exposed laaestade beds. 

12. Gray, brown-weathered, fine-grained, gritty deposit, forming crest — 
of prominent bench about 200 yards south of No. 10. Dip 35° to 450 S. W. 

13. Gray limestone immediately overlying the preceding gritty bed, 
with numerous casts of a small Lamellibranch shell, Pleurophorus ? 

14. Unexposed, 100 to 150 yards. 

15. Rusty-gray shaly limestone, 15 feet exposed; dip 38°, 8. 35° W. 

16. Brown arenaceous shales and dark gray limestone, obscurely ex- 
posed in slope, 100 yards or more. 

17. Dark bluish-gray shaly fragmentary limestone, 20 feet exposed. 

18. Unexposed, slope 100 yards or more. 

19. Heavy and thin-bedded, gray, rusty brown, buff limestones with 
shaly grit bands, outcropping in southerly flank of prominent trans- 
verse . ridge over a space 100 to 150 yards; dip 35°, S. 40° to 45° W. 
Fossiliferous layers through this deposit from base to top, the forms 
being the same throughout. These consist of, at least, two species, one 
a medium-sized Aviculopecten, and the other appears to be referable to 
Pseudomonotis, the former occurring in abundance, but their state of 
preservation is less perfect than could be desired. 

20. Southerly slope into dip sag, 200 to 400 yards, partly over the 
upper shaly limestone layers of the preceding bed. 

21. Red shales and arenaceous deposits, more or less clearly exposed 
in steep ascent rising into the main crest, 1,000 to 1,500 yar ds north of 
the outlying ridge at bed No. 19. In the crest the tilted edge of a heavy 
ledge of red sandstone appears, dipping conformably with the underlying 
deposits, southwestward. 


The ridge last mentioned under No. 21 of the above section attains an 
elevation of 2,200 feet above the Snake, or an actual altitude of 7,600 feet. 
The “red beds” of which it is composed are seen to reach an enormous 
development in the ridges lying to the south-southeast in the direction 
of Station XXV, four miles distant. T‘rom the latter locality, and 
probably higher position in the series, Mr. Ktibel kindly brought in 
specimens of dark red, even, thin- bedded sandstone, which he reported 
as occurring in heavy ledges in the summit and along the crest of the 
front spur, where they also dip off to the southwest. ‘The lower horizons 
of the section furnish typical exhibitions of the Carboniferous lime-- 
stone series, but that part which is of most interest is included in the 
limestone series Nos. 13 to 19. These deposits reach a thickness of sey- 
eral hundred feet, and might even attract the attention from the dissimi- 
larity in their lithology as compared with the inferior limestones and 
siliceous horizons. But the fossils contained in these upper limestones, 
though apparently few in species, offer, both in their specific affinities 
if not identity, and their abundant prevalence in individual numbers, 
So striking resemblance to the Permo-Carboniferous of other regions as 
to leave little room to doubt that they represent the latest epoch of the 
Upper Carboniferous period in this quarter. In regard to the red are- 
naceous deposits and sandstones, which are apparently conformably 
superimposed on the latter beds, theiridentity with the Triassic “red-bed” 
Series is conclusively proven both by their lithology and relative position. 
The great development of these deposits in the vicinity of Station XX'V 
contrasts with their probable much less vertical extent in the belt outlying 
Station XXIV, 10 miles to the northwest, though this may prove to be 
more apparent than real. Yet it may De that the red sandstones in 
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Station XXV pertain to horizons included in the Jurassic, the resem. 
blance of which to the Trias “red beds” is very marked and liable to 
deceive. It is not improbable the lower ledge of limestone arches over 
an anticlinal fold the axis of which lies a little to the northeast of the 
- exposure in the space at present overflowed by the voleanic rocks. But 
the data are insufficient to more than suggest such a state of things. 

Opposite Station XXV the Snake Valley changes its course, curving 
round due southeast, ascending, which direction it holds to the conflu- 
ence of Pyramid Creek, and between those points the volcanic flows 
reach up on the foot of the range several hundred feet above the river- 
level. In connection with their general southeasterly strike, the bend 
of the valley brings the “red-bed” series to the’front of the range before 
reaching the Pyramid, where they dip into the mountain, southerly. The 
Pyramid is a high conical trachytic hill, outlying the mountain-side, and 
standing almost isolated in the valley, which is here contracted and filled 
with low hills for a few miles intervening between the lower and upper 
basins. Pyramid Creek debouches into a basin area, hemmed on the 
west by the steep red sandstone hills, and on the opposite side by the 
continuation of the same deposits and an outlying tongue of low wooded 
hills which projects from the foot of the mountain nearly to the river-side 
above a mile distant to the northeast. Looking up the ecafion, which 
begins about three miles above the mouth of the creek, red beds alone 
form the conspicuous strata discernible; But in making the ascent of 
the main front ridge of the mountain, on the height of which Station 
XXVI was established, members of other important formations are met 
with, and on gaining the summit we have also mounted in the geological 
seale to the horizon of the Jurassic. The section follows a course from 
the Snake Valley west of south a distance of four or five miles, and al- 
though over wide belts in the lower slopes, few details are revealed, due, 
probably, in part at least, to the position of the strata, and partly to the 
wooded condition of the slopes, the upper horizons afforded an interest- 
ing and better exposed set of deposits for study. 


Section through Station XX VI ridge. 


1. Dark red rock débris, appearing here and there in wooded ridge, 
close by the margin of the river. 

2. Gray and drab limestones, obscure. 

- 3. Gray, flesh-tinted quartzite conglomerate, bedding very indistinct, 
at one place inclining W. 15° S. at an angle of 40°. It forms a heavy 
ledge outcropping in the crest of the low ridge on the northeast side of 
the trail saddle, connecting this outlying group of low hills with the 
mountain. In other places the ledge seems to dip northeastward, at a 
less steep angle of inclination, and again it dips west at an angle of 45°; 
but the first mentioned observation is probably nearer correct. 

4, Hard, spar-seamed, bluish limestone, bedding almost or quite obso- 
lete, but appearing as a heavy ledge plating the southwest slope descend- 
ing into the saddle depression. 

5. Obscure traces of red shales, staining the soil red in the saddle 
(over which the trail passes leading up this side of the valley), and reach- 
ing up on the mountain foot. Bluish brecciated limestone fragments are 
scattered over the surface. 

6. In a break in the wooded slope, 500 to 800 yards above the trail 
saddle, debris of gray spar-seamed limestone appears, indicating the 
presence of a heavy subjacent ledge. 

7. A few hundred yards above the last, an obscure ledge of hard red 
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sandstone outcrops in a low ridge at an elevation of about 1,200 feet 
above the river. 

8. A few hundred yards above the preceding bed, and perhaps one. 
and a quarter miles distant from the trail, a heavy deposit of gray, spar- 
seamed, gritty limestone outcrops over a considerable belt in a rocky 
point, accompanied by drab, indurated, calcareous shales, the ledges 
dipping southwestward. 

9. Succeeding the last ledge is a space several hundred yards across, 
in which frequent exposures ‘of red arenaceous shales and red sandstones 
appear, though imperfectly exposed. 

10. A thin bed of drab limestone. 

11. Space several hundred yards across, with exposures of red and 
chocolate-colored shales below, red shales above, immediately underly- 
ing— 

12. Red sandstone, dipping southeastward at an angle of 30°, forms 
crest of prominent point about two and a half miles from the saddle. 

13. A belt perhaps half a mile in width, in which no rock exposures 
were observed, intervenes between the last exposure and the second 
prominence north of Station XXVI. The latter point is some 200 feet 
lower than the station, or 8,200 feet above sea-level. It is crowned by 
a heavy deposit, consisting of alternations of drab-gray fragmentary 
limestone and indurated shaly calcareous deposits; dip 30° to 50° 
southward. The lithological characters of this horizon bear intimate 
comparison with the bed described under No. 8. The limestone contains 
columns of Pentacrinus, and an imperfect shell probably referable to 
Aviculopecten. A rusty dark limestone, exposed in the south flank of 
the same ridge, affords two forms of Lamellibranch shells, preserved as 
casts, which may be compared with Pholodomya and Tancredia, species 
of which genera were described by Messrs. Meek and Hayden from lower 
Jurassic horizons in the Black Hills region of Dakota. 

14. Thin-bedded sandstone and red arenaceous shales, passing up 
into drab, nodular, indurated calcareous shales, and red shales above, 
making a ’ thickness of several hundred feet. The two latter beds, each 
100 feet or more in thickness, are best seen in the northeast flank of Sta- 
tion XXVI; also in the amphitheatre west of the first high point a mile 
north of the station, where the whole series may be seen ata glance, 
‘but so cut up by deep ravines as to greatly enhance the difficulty of esti- 
mating their thickness even approximately. 

15. Heavy ledge of cross-bedded, reddish-gray, chocolate-brown weath- 
ered sandstone, with heavy-bedded conglomeritic layers. This rock 
outcrops in the summit of the high point one mile north of XX VI, where 
it sweeps down in the west flank, forming the coping of the walls of the 
amphitheatre which opens into the caiion of Pyramid Creek. It also 
occurs in the east flank at Station XX VI, where the remaining strati- 
graphic elements of the section were observed. The dip of the ledge is 
about the same at either locality, or 35° south. 

16. Red arenaceous shales, 10 to 20 feet. 

_ 17. Chocolate-red and grayish sandstones, cross-bedded and beauti- 
fully laminated, forming a thick bed; dip, locally, 25° south. 

18. Deep red arenaceous shales, ‘above pink indurated calcareous 
shales, exposed in slope 75 to 100 yards across. 

19. Dark and light drab, fine-grained, brittle limestone, heavy ledge 
in summit at Station XXVL Dip 35° southwestward. Contains numer- 
ous individuals of a small undetermined Gasteropod, Viviparus? 

The upper beds of the foregoing section are clearly Jurassic, and it is 
‘scarcely less probable the “ red beds” of the Trias hold their proper posi- 


PLATE XXIV. 


Section across Station XXVI Ridge . 
§ 
x 
: = 
fe cae 5 Diagram showing position oF strata . 
Se > : north sede of debouchure of Pyramid Cr Re 
+ a w & 
yee ee 5 u 
Y ae: oe S ILE . z 8 
Sa eo ee pei SS Pea i) 
T4ooft. i oe oe ses i+] te ‘ y 


SURASSIC. CARBONIFEROUS(S) 


Section across Station XXVI Ridge. 


Srake River. 


, 
above seca-Jevel. 


Triassic.(7) —»NE. 


1a e si $ KS 
ee pe ogtee ci 
ne Ee Ue 
BERET PS. AA EER | ea wx Lyset Pita 
| fh ARS 
Lee Bees 
rad na i 
2 ie CHL IEIHS LY 


anny i 


eee sua! pit Ken's 
ED | waa! wignir ts 


tat 


ay \ 2 ae ae) a 
ache chee ae eee Wie ie EEG { 
ay ; ; 4 “ arse ey | wale ¢ #32 Ta chet 


A ' i er 


baw ARE He Punk Fes akties 
* ag ah te agi DY ; 
F gas Sst in Sion eA Se teh opti toy} a 
hk, fe : names 8: fas : oe eyo 4 EL ERE 

ih, A deli temas ae BNW are 
OO me: Ra gadeey Bea Paks 


eee ae yy é cae 2% oe | wee . 
‘ yA gies a 


bee, Ge 
Bee Paes ee 


i cede yy “¢ 
penne! 


oe 


NSH > 
- 


2ED 
- 


oe 
wa 
Bo 

is at Gee 
war tc 


an 
rT 


. uy 4b 83 


. i ie hy } Sor eaee rigs ee 
i ; ‘ Nats Ps Ane a ep hoe 
: ik neees PF, : eer a 
he oes y%) war rae 4 woe J e ay ’ 
1S ; ' \ : 
fe yf ate ae yt ee ti er dha Pe ee 
i eer ¢ t % is, , ; 
wee iy y 
MERE F it Rk ER mi 
¥ : ‘ wine d y 
a ety Pat | 7 ha PreMed Salt bay 
. i ie . a . 
s Z ia sell dgtong Va ggirrcety 
i ie yy a oar 
at 
\ 
Be, Sam 


ST. JOHN.) REGION OF STATIONS XXV AND XXVI. 387 


tion in the imperfectly exposed belt to the north. But still farther in 
that direction, in the lower slopes, widish belts of alternating heavy 
limestone and red shales and sandstone deposits occur, the equivalents 
of which are less satisfactorily demonstrable, although they recall the 
alternations of calcareous and siliceous deposits elsewhere so character- 
istic of the Upper Carboniferous. These deposits are probably further 
complicated by their proximity to a much disturbed belt which lies 
close along the northeast border of the range in this vicinity. Sta- 
tion XXVI ridge holds the same relative position between Pyramid and 
McCoy Creeks as that of XXV below the caiion of the former stream; 
that is, the abrupt front barrier along tho Snake Valley. From the 
back of the northeast spur, along which the above section passes, at 
the point capped by the red sandstone No. 12, looking to the westward, 
in the rugged, much-cut-up northwest slopes of Pyramid Creek Cafion, 
a short distance above or just within the debouchure, the strata exhibit 
an interesting fold, a rough sketch of which is introduced in- an accom- 
panying plate. The nucleus of the fold shows light-gray deposits, prob- 
ably limestone, undulating or crumpled along the crest of the arch, and 
pitching sharply on either flank, where, however, they are less distinctly 
traced. To the northeast of the latter locality a much-disturbed narrow 
belt, in which the strata are apparently tilted almost vertical, or with 
steep southerly dip, is followed by northeasterly-dipping red deposits, 
which, however, in the steep slopes in the west side of the debouchure 
and lower down in the vicinity of the Pyramid, are observed to incline 
in the opposite direction, southwestwardly. Above this fold, southwest, 
succeed heavy deposits of red shales and sandstones, including light- 
drab caleareous deposits, which continue up the cafion and rise into the 
rugged monoclinal crest of Station XXV ridge, dipping southwestward. 
The same series also occurs on the southeast side of the cafion, reaching 
well up into Jurassic horizons, the strike trending from a southeast 
round more to an east course in this latter quarter. The stratigraphic 
display, as seen from the high point a mile north of Station X XVI, is of 
exceeding interest. Ata glance it shows the great monoclinal ridge of 
Station XXV, the superstructure of which is built entirely of the rich- 
toned materials of the Jura-Trias, and apparently based upon a much 
disturbed foundation of Upper Palzozoic rocks. North of the latter 
station mention was made of the probable existence of a fold in the 
‘Carboniferous beds in the foot of the mountain bordering the valley. 
It is barely possible that the latter fold has some intimate, even direct, 
connection with the similar disturbed belt within the debouchure of 
Pyramid Creek above noticed. Yet this is not quite certain. In the 
former quarter erosion and subsequent volcanic eruptions have destroyed 
and concealed the outlying northeast flank of the fold, so that the means 
are wanting for a more critical comparison of the phenomena in that 
quarter with the apparent greatly-disturbed corresponding belt in the 
mouth of Pyramid Creek Cafion. The lower limestone deposits of the 
above section, including also the limestone and quartzite in the low ridge 
to the northeast of the saddle over which the trail passes, may with a 
degree of warrant be provisionally referred to the Carboniferous. But 
the latter exposures occur quite beyond or outside the above-mentioned 
uplift, and probably belong to the southwest flank of a fold the axis of 
which may lie in the mountains on the opposite side, or within the area 
of the Snake Valley. The strata are pitched headlong into the inter- 
vening synclinal, and much pinched, as indicated by their highly-tilted 
position in opposite directions in the section more or less well-displayed 
in the entrance to Pyramid Creek Caiion. 
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Station XX VI, which attains an altitude of about 8,400 feet, com- 
mands the whole of the upper basin of the lower valley of the Snake, 
the rugged barrier of the Snake River Mountains, and a wide belt of | 
the Caribou Range, embracing the summits between Fall Creek on the 
northwest and Tin-Cup Creek to the southeast, with the loftier portions 
of the range in view. Four miles to the west the view is shut out by 
a still higher mountain crest, only second in elevation to Mount Cari- 
bou, or 9,600 feet above the sea, and which occupies the axis of an 
anticlinal fold. The side toward the east shows great plates of red depos- 
its, which contrasted beautifully with the snow cornice stretched along 
the brow, and the deep green of the fir-clad lower intermediate ridges. 
The mountains are sharply and cleanly sculptured; there are few rounded 
or indistinct lines in their contour, and none of those jagged outlines such 
as archean and sometimes volcanic rocks often impart to mountain 
topography. The ravines and northeast slopes of the mountain ridges 
are generally clothed in coniferous forests and undergrowth, giving to 
the whole aspect of the abrupt mountain front, as seen from the valley, 
a densely wooded appearance. The depression between Station XX VI 
and the culminating crest of this block of the range to the west marks 
the position of a sharp synclinal fold, from which the strata more gradu- 
ally rise up into the crest of the ridge at the station, and where they 
have the appearance of flattening out in a broad-topped arch. This may 
indeed prove to be the roof of the fold, before described, in the lower 
part of Pyramid Creek Cafion. Even from the necessarily meagre data 
_ obtained in so hasty a visit, it seems almost certain that, while the axes 
of elevation hold a general and uniform course throughout the range, 
but which erosion has thrown into a relative position more or less oblique 
to the general direction of the range, the folds exhibit in their minor or 
local manifestations great diversity both in course and magnitude, so 
that their characteristics are subject to greater or less change within 
short distances, and tending greatly to increase the labor requisite for 
the thorough elucidation of the geologic features of the whole range. 

Ascending the valley in a south-southeast direction, the mountain 
presents an exceedingly steep front, cut by numerous little streams 
which debouch from picturesque cations, whose mouths are usually filled 
with accumulations of débris brought down by torrents. At a place 
some four miles above Pyramid Creek the steep mountain-side shows 
heavy deposits of red shales and sandstones dipping southwestward into 
the mountain. These beds continue several miles, until reaching an ex- 
tensive tract of beaver-swamps, perhaps midway between Pyramid and 
McCoy Creeks, just above which in the southeast angle of the debouchure 
of a little cation, where the river approaches close to the mountain-side, 
similar rusty-red deposits appear, steeply inclined northeastward. It | 
is presumed that this locality marks the axis of the pinched synclinal 
fold already remarked in the lower part of Pyramid Creek Cation; at 
all events, the strike of the strata at the latter locality would cause them 
to appear in the valley-side at about this point. These deposits thence 
continue in the steep slope, with frequent interruption in the continuity 
of their outcrop, to a point two or three miles below McCoy Creek. 
Here, in a low point in the west angle of a recess in the hills, heavy 
ledges of dark, dull red, fragmentary, thin-bedded sandstone, banded 
with lighter shades of color, appear in low mural exposures, dipping 
southward at an angle of 25°. The same deposits also appear in the 
low ridges and bed of McCoy Creek where its valley opens into that 
of the Snake, and where they dip southwestward at the same moderate 
angle. Above the latter point a high bench of the mountain borders 
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this side of the valley, the foot of which is closely skirted by the river 
as far as the confluence of Salt River, two and a half miles, in which 
only obscure exhibitions of similar beds are to be detected for the dense 
forests that prevail in this quarter. To the south of this, the range 
passes beyond the limits of our district, gradually diminishing in alti- 
tude and in transverse dimension, its east side bounded by the broad 
valley-plain of Salt River. 

In making the ascent of the front ridge belonging to the block em- 
braced between McCoy and Tin-Cup Creeks, the way lay across this 
high bench for about a mile, when the steeper slopes are reached at an 
elevation of 700 to 800 feet above the river. Thence the slope is steeper 
and more broken to the culminating crest, which bears a little west of 
north and east of south, the strike of the strata wavering along the crest 
of the main ridge. Hence, in passing from the north to the southward, 
different beds are found to constitute the protecting caps in the high 
points, on one of which Station XX VII was located at an elevation of 
3,520 feet above the valley. The following section, extending southwest- 
ward from the confluence of Salt Riverto the crest of Station XX VIL ridge, 
a distance of about four miles, shows the stratigraphic structure of this 
part of the range. 


Section through Station XX VII ridge. 


1. Dark brownish-red conglomeritic sandstone, evidently a heavy bed 
outcropping in brow of high bench 500 feet above Snake River; dip 
southward. 

2. Long, gentle slope, densely wooded and interspersed with beautiful 
grassy glades; no rock exposures observed. 

3. Reddish-brown arenaceous debris, mixed with the soil in steep 
ascent. 

4. Red shales and red sandstone débris. 

5. Limestone débris. 

6. Drab shales. 

7. Red shales and red sandstone fragments. 

8. Gray, reddish stained sandstone, a heavy bed outcropping in rocky 
bench facing the valley two miles distant; dip 36°, S. 55° W. 

9. Gentle ascent, half a mile or so across, with exposures of chocolate- 
red shales and reddish-gray sandstone. 

10. Dark drab fragmentary limestone, a thickness of 20 feet exposed 
in rocky ridge, underlaid by dark drab shales including thin layers of 
limestone. Dip 54°, N. 65° E. 

11. Red shales. 

12. Drab, spar-seamed limestone, with some chert. Dip 55°, N. 60° E. 

13. Drab limestone, similar to preceding beds, 20 feet exposed ; dip 
50°, N. 65° E. 
at peak shales, 10 feet, underlaid by red and chocolate-colored shales, 

eet. 

15. Red sandstone, 10 feet. : 

16. Red and chocolate-colored shales, 50 feet. 

17. Reddish gray and brown sandstone, interbedded with dark red- 
dish-brown shales. 

18. Nodular limestone. 

19. Dark gray laminated Sindstone, 15 feet exposed; dip 50°, N. 55° E. 

20. Brick-red shales, 50 yards across. 

21. Dark reddish-brown, beautifully laminated and false bedded, hard- 
ish sandstone, interbedded with heavy layers of reddish-brown con- 
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glomerate, forms a heavy deposit several hundred yards across, flagging 
a prominent outlying ridge; dip 35° to 45°, N. 55° E. 

22. Red and chocolate-colored shales, 50 to 100 yards across. 7 

23. Drab, fragmentary limestone, forming a heavy bed; dip 28°, N. 
45° EK. Contains a small Gasteropod, too imperfect for determination. 

24, Chocolate-colored and red shales, 50 to 100 yards. 

25. Reddish-brown, laminated sandstone, 40 feet exposed. 

26. Reddish shales, space 50 yards across. 

27. Reddish sandstone, similar to bed No. 25, 10 feet exposed. 

28. Chocolate-colored shales, in steep slope, 50 to 100 yards. 

29. Redish brown and gray, obliquely-laminated sandstone, a heavy 
ledge 25 yards across the exposure, at one place a mile north of Station 
XXVIII, forming crest of main ridge; dip 20° to 35°, EH. 15° 8. to E. 
30° N. This probably belongs to the preceding overlying beds 25 and 27, 
which together make up a thick deposit, including the red and choco- — 
late shales 26 and 28. 

30. Chocolate-colored shales, including a layer of hard, bluish-gray, 
gritty limestone, with Belemnites densus, and dark-brown sandstone layers. 
Exposed in slope west side of crest a mile north of Station XX VII, and 
100 yards or more across. 
31. Heavy ledge of conglomerate and dark, reddish-brown laminated 
_ sandstone, 20 feet exposed; dip 25°, N. 40° E. 3 

32. Steep debris-covered slope, 300 yards or more across, showing red- 
dish shales and reddish sandstones, with harder layers of dirty gray 
sandstone in lower portion of slope, where the dip is southwestward at 
an angle of 40°. In the lower portion of the slope a thin, dirty, gritty 
band occurs, which is charged with a pretty little Gryphcea (?) charac- 
terized by a few strong radiating plications; there are, besides, frag- 
ments of Ostrea strigulecula and Lingula. 

31a. Heavy ledge, made up of gray sandstone, dark conglomerate, 
and dark, reddish-brown laminated sandstone, arranged’ the order 
mentioned, but imperfectly exposed; dip 35°, 8. 45° W. 

30a. Unexposed space. 

29a. Reddish-brown, laminated, hard sandstone, imperfectly seen. 

28a. Red shales. 

27a-25a. Reddish-brown sandstone, obscure exposure. 

24a. Red shales. 

23a. Fragmentary limestone, 10 to 15 feet exposed, overlaid by light 
drab shaly limestone and indurated calcareous shales, apparently form- 
ing a heavy bed, 100 yards across the exposure. 

22a. Red shales. . 

21a. Heavy ledge dark, reddish-brown sandstone and conglomerate, 
dip southwestward, the angle of inclination steepening as the ledge 
passes down into a deep lateral ravine communicating with McCoy 
Creek Valley. . 


Station X XVII ridge extends above three miles in a direction a little 
east of south, its summit preserving quite uniform heights 8,800 to 9,000 
feet above sea-level. The individual peaks all show monoclinal structure, 
but the mass of the ridge is built upon an anticlinal fold whose axis 
apparently lies along the west flank as far south as the station, curving 
in and out in its course, the conglomerate cap, No. 31, at the latter pomt 
belonging to the east flank of the uplift, the same as at the point where 
the foregoing section crosses the ridge a mile to the northward, where, 
however, this stratum appears in the west slope and arching over, as 
shown in the accompanying diagram. The strata exposed in this fold 
pertain to the Jurassic, and besides the general interest of this part of 
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the section it also possesses much additional interest in the perhaps 
more or less local stratigraphic details here displayed and the fauna ob- 
served in connection with some of the beds. It would appear that the 
greater portion of the outlying eastern flank, in which a well-defined syn- 
clinal fold exists, also is occupied by beds of Jurassic age. But in the 
border of this slope, in the area of the foreland bench, it may be possi- 
ble the sandstones and arenaceous shales of the Triassic “red-bed ” 
series make their appearance in the regular descending order of their 
stratigraphic sequence, although their identity is open to question. 
From the summit the topographic and stratigraphic relations of this 
mountain ridge are welldisplayed. It is stratigraphically identical with 
the high dominating ridge west of Station XX VI, and almost due north- 
west of the present station, the crest of the anticlinal being traced al- 
most continuously between the two points, though it is broken through 
by the valley of McCoy Creek in the foreground. To the northeast of 
this fold in the strata the synclinal depression shown in the foregoing 
section also has its counterpart in the depression between the dominat- 
ing ridge and Station XX VI, the beds curving up in a broader, flat- 
topped arch in the latter station. The sketch introduced in an accom- 
panying plate will convey a clearer idea of the features here alluded to. 
The broken and more wooded eastern slopes exhibit less satisfactorily 
the stratigraphy and structural features, though in the declivities on the 
lower course of the valley of McCoy Creek the beds show moderate 
southwesterly inclination which continues to the debouchure. It seems 
almost certain that these formations in the region on and south of 
Pyramid Creek, in the vicinity of XX VI, have been bulged up into a 
broad low dome of very irregular contour, the exact extent of which it 
is difficult to define. But as no appearance of such a fold exists 
in the exposure on McCoy Creek, it is probably confined to a belt, the 
middle of which lies near the debouchure of Pyramid Creek caiion, ex- 
tending north and south from points within or but little extended be- 
yond the limits of Stations XX V and XXVI. The northeastern border 
of this uplift, as has already been remarked, includes a narrow zone of 
greatly disturbed and complicated strata along the border of the moun- 
tains, which runs out into the Snake Valley before reaching McCoy 
Creek. This zone may extend north as far as Fall Creek though it is 
thought more probable that it ceases soon after passing Pyramid Creek, 
to the north of which the flow of voleanic materials has concealed what 
the erosion of the valley left untouched. Looking westward, stretches of 
McCoy Creek may be seen, and in the north side-hills there occurs a 
fine display of a broad, low, anticlinal fold, flanked at the entrance to the 
upper basin by an extraordinary uplift and partial overthrow which will 
receive fuller notice in the description of the McCoy Creek section. 
This broad fold is indicated by wide areas of comparatively gentle drain- 
age slopes in the broad ridge intervening between Station XX VII and 
Mount Caribou (XXVIII) nine miles to the westward, south of which, 
owing to the wooded nature of the low mountains in that quarter, nothing 
was clearly made out in regard to its further extension and character. 
But in the low southern prolongation of the range, patches of red appear 
in the steeper slopes, doubtless showing the prevalence in that section 
of the same series of strata which fills the space between the above- 
mentioned stations. To the north round into the southeast the great 
barrier front of the Snake River Range walls the lower valley of the 
Snake and Salt Rivers, the southwest slopes supported by short rocky 
buttresses and scantily wooded. Here and there the view penetrates 
into the heart of the mountains, where high summits and ridges with 
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enormous exposures of red and gray strata appear. To the northeast 
opens the grand cafion, a narrow defile bounded by steep slopes and 
mountain escarpments composed of the magnificent exposure of Carbon- 
iferous rocks described by Bradley. Far away a line of snowy peaks 
points out the course of the Wind River Range; but grandest of all are 
the Tétons, whose great bare peaks rise like gigantic monoliths from a 
broad mountain summit which even at this late season, July, had not 
yet put off its winter raiment. 

We had been so long employed in breaking our own trails that it was 
with a curious mixture of relief and positive pleasure we entered the 
trail leading up the valley of McCoy Creek, crossing and recrossing the 
rapid stream, now passing over pretty intervals, then along the face of 
some jutting spur, until it finally emerges into the upper basin in which 
this drainage is gathered. This little valley has a general course a little 
north of east and south of west, with but one sharp curve near the mid- 
dle, where it passes the lower narrow anticlinal fold descending from 
Station XXVII. It can hardly with propyiety be termed a caion, al- 
though at a few points it is confined within narrow bounds by the near 
approach of the bordering hills; but it generally possesses a narrow in- 
tervale, and at few places are the hills precipitous, though the country 
is very rough and broken on either side. The stream is bordered by 
willows, and in places ponded by beaver-dams, and would be beautiful 
were its waters uncontaminated with the sediments from the placer mines 
at its head. The fall of the stream in the ten miles between the moun- 
tain basin and its mouth is about 630 feet. The basin in which the wa- 
ters from numerous sources are collected is the largest of the mountain 
basins in the range, and is separated from the basin of John Gray’s Lake 
by anarrow ridge of hills; the surface is undulating and broken by spurs, 
and though its altitude may be too great for successfal agriculture, it is 
a valuable grazing region. 

The sources of McCoy Creek rise in the two principal mountain ele- 
vations of the range, that to the north being the same as the massive 
mountain whose crest lies on the axis of the Station XX VII anticlinal, 
and which is only two or three hundred feet lower than Mount Cari- 
bou on the south, which attains an altitude of 9,800 feet above the 
sea. This mountain, which was chosen for Station XXVIII and which 
was alsomade a station of the primary triangulation by Mr. Wilson, 
presents an imposing appearance from whatever direction it is viewed, 
and it proved to be a most interesting locality geologically. Its summit 
forms an irregular, shelving, flattened space. from which radiate three 
principal spurs, of which the southern is the largest and at one point 
rises into a dome but little inferior in elevation to the main summit. 
The two other spurs project respectively westward and north, inclosing 
the depression or recess which bears so striking resemblance to a huge 
crater whose northwest wall has been demolished, as seen from that 
direction. Besides these, there are several large secondary spurs, the 
disposition of which is an interesting topographic feature of the moun- 
tain. They form rugged ridges in the easterly face of the mountain, en- 
vironing at their heads little Alpine amphitheatres in some of which 
nestle tiny lakelets, dammed by accumulations of débris through which 
their waters percolate and form the spring sources of Iowa Gulch, one 
of the main tributaries of McCoy Creek. The slopes on the west are 
much more uniform, a broad gulch penetrating this side between the 
main crest and that of the south spur. To the southwestward the moun- 
tain descends to a lower ridge, which extends in that direction into the 
adjacent district, defining the wide drainage belt flowing eastward into 
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Salt River from the far less important western drainage. A similar but 
lower ridge projects in the opposite direction, forming the before-men- 
tioned divide between McCoy Creek and John Gray’s Lake. The moun- 
tain flanks are well wooded with coniferous forests, and lovely little mead- 
ows are encountered in unexpected places between the lower and more 
rounded outlying ridges on the west side. The summit commands nearly 
the whole of the southwestern section of the district, besides the exten- 
sive basin region to the southward. The country lying westward ap- 
pears surprisingly flat, notwithstanding we found it diversified by suffi- 
ciently rugged low mountain ridges, broad basin plains, and cafloned 
water-courses. The Snake River is hidden in the deep trough of its 
lower valley, but to the southeast, overlooking the comparatively low 
intervening mountain belt, its southerly continuation opens out in the © 
broad basin of Salt River, which like all these basin areas is covered by 
extensive tracts of marsh, whose willow copses give the not uncommon 
effect of cloud-shadows resting on the extensive levels. 

In the valley course of McCoy Creek a magnificent section, reaching 
three-fourths the way across the range, is displayed, the study of which, 
notwithstanding the limited time at our disposal, resulted in the secur- 
ing of data from which it is possible to gain an approximately accurate 
knowledge of the structure of this portion of the range. As the exami- 
nations were continued completely across the range, via Iowa Gulch 
and Mount Bainbridge, to the plain of John Gray’s Lake on the south- 
west border, in collating all these data the section has been located along 
a direct line bearing about E. 35° N. and W. 35° §., intersecting Mount 
Caribou the western portion of the valley of McCoy Creek, along 
which the observations were made, lying a little north of the line of the 
section, the lower or northeast portion of which closely corresponds with 
the direction of that part of the valley—the profile making no pretence 
at showing the actual surface contour, being merely a partially ideal 
adaptation to facilitate the illustration of stratigraphic and structural 
features. The section in which are incorporated such details as were 
noted in a hasty examination, is shown in an accompanying plate, and 
exhibits the following stratigraphic elements, commencing at the debou- 
chure of McCoy Creek into the lower valley of the Snake, and proceeding 
thence southwestward across the range: 


Section across the Caribou Range, via McCoy Creek. 


1. Variegated soft arenaceous clays of Tertiary age, resting on the up- 
turned edges of the older strata, and dipping northeastward at angles 
of 25° to 40°. These deposits occur in the valley of the Snake and Salt 
Rivers, and will be further noticed in the section devoted to the lower 
valley of the Snake. 

2. Deep-red sandstone, dipping southwestward at amoderate angle of 
inclination. 

3. Obscure exposure of light-drab deposits. 

4, Red sandstone ledge forms a low fall in the bed of the creek at its 
debouchure. ‘ 

5. Red shales and indurated arenaceous layers, forming a heavy bed. 

6. Light-red sandstone, 30 feet exposed. 

7. Red shales, pale red above, 100 to 200 feet. 

8. Red sandstone. 

9. Chocolate-colored shales. 

10. Red sandstone, deep red thin-bedded below, 50 feet exposed. 

11. Ked shales. 
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12. Drab limestone, 20 feet exposed, overlaid by light-drab, indurated 
calcareous shales. : 

13. Red shales, obscure exposure. 

14, Light shaly calcareous deposits. 

15. Chocolate-colored shales, 200 feet, more or less. 

16. Dark brownish-gray, obliquely laminated sandstone, a heavy ledge. 

17. Chocolate-colored shales, including thin bands of dark-red sand- 
stone, obscurely exposed in low undulating hillside, several hundred 
yards across. 

18. Drab and chocolate-colored shales, obscure exposure. 

19. Dark-blue spar-seamed limestone, obscure ledge, may not be in 
situ. 

20. Wide space occupied by undulating grassy slopes, with no rock 
exposures. 

21. Brown sandstone, obscure exposure; dip gently northeastward. 

22. Chocolate-colored shales below. 

23. Chocolate-red and hard drab beds; dip at an angle of about 40° © 
northeastward. 

24, Heavy bed spar-seamed gray limestone, with rotten chert; dip 
about 30° northeastward. 

25. Chocolate-colored and red shales. 

26. Limestone, similar to bed No. 24, 50 to 100 feet exposed. - 

27. Wide space, showing no rock exposures. 

28. Brownish sandstone, obscure exposure, ten yards across; dip 
southwestward. 

29. Light and chocolate-colored shales below, light shales above. 

30. Drab limestone. 

31. Red sandstone and red shales; dark chocolate-colored and drab 
shales above. 

32. Heavy ledge brown laminated conglomeritic sandstone, dip south- 
westward at an angle of about 25°. Z 

33. Unexposed space. 

34. Gray sandstone. 

30. Drab-gray limestone. 

36, Space showing obscure exposures of sandstone. 

37. Dark rusty red conglomeritic sandstone ledges, interbedded with 
shales. These ledges exhibit an interesting exposure in the precipitous 
walls on the south side of the stream at the narrows just above the de- 
bouchure of a considerable tributary draining the west flank of Station 
XXVII ridge, the beds appearing nearly vertical and arching over to 
the northeastward. 

38. Unexposed space. 

39. Sandstone. 

40. Red shales and sandstone. 

41. Sandstone, dipping southward. 

42. Red and chocolate-colored shales. 

43. Gray sandstone, 20 feet imperfectly exposed. 

44, Red and chocolate-colored shales. 2 

45, Chocolate-brown thin-bedded sandstone, 10 feet exposed. 

46. Chocolate-colored shales. 

47. Reddish buff or gray sandstone. 

48. Reddish shales. 

49, Reddish-gray sandstone; dip northeastward. 

50. Chocolate-colored shales. 

51. Brownish gray sandstone ; dip northeastward. 
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Ideal Section across the Caribou Range, south of Fall Creek Cafion. 
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52. Chocolate-colored shales with indurated arenaceous layers, ob- 
scurely exposed. 

53. Chocolate-brown and gray shaly sandstone. 

54. Chocolate-drab shales and sandstone. 

55. Gray sandstone. 

56. Unexposed space. 

57. Brownish-gray, laminated, thin-bedded sandstone, 25 feet exposed. 
Dip steeply northeastward. 

58. Red shales. 

59. Sandstone ledges, interbedded with chocolate-red shales, forming 
a heavy deposit; dip northeastward at an angle of 45°. 

60. Dark drab shales, with two or more ledges of rusty reddish-gray 
sandstone, a heavy deposit several hundred yards across. 

61. Brownish sandstone. 

62. Red shales. 

63. Reddish sandstone. 

64. Red shales. 

65. Drab limestone and light-drab indurated calcareous shales, exposed 
many hundred yards, nearly horizontal or gently undulating, overlaid 
by beds 64-61, conformably. 

66. Pale-red shales. . 

67. Wide space in which the continuity of the strata is interrupted. 
But the limestone No. 65 and superimposed, beds gently descend in pass- 
ing up the valley, and it seems probable that they form a sag or syn- 
clinal east of the abrupt displacement which shows deposits that agree 
quite closely with the lithology of the sandstone appearing in the upper 
part of the broad, flattened uplift with which -their identity is inferred 
with a degree of probability. 

68. Reddish sandstones and shales, obscurely seen in the axis of the 
displaced beds, and may be the equivalents of Nos. 61 and 62. 

69. Dark-drab shales. 

70. Reddish-brown weathered sandstone; a heavy ledge, which on the 
east is suddenly uplifted into a position past the vertical, the western 
exposure protruding in the steep valley-side, dike-like, and inclined 
southwestward at angles of 75° to 80°. These two masses are seen to 
be connected by an undulating arch of sandstone, gently inclined to 
the westward, the angles of sudden flexure exhibiting unmistakable 
evidence of the intensity of the strain to which the beds were subjected, 
in the broken and confused condition of the layers at those points. 
There are apparently two distinct horizons of the brown-gray sandstone 
and drab shales included in the uplift, which probably are identical 
with the upper horizons, Nos. 61, 60, seen in the broad level space'to the 
east. 


The valley here opens out into the mountain basin, the stream branch- 
ing, the main fork continuing west and Iowa Gulch coming from the 
south; in the intervening upland ridges and along the crest of one of the 
northeast spurs descending from Mount Caribou the following numbers 
(71-101) appear: 


71. Hard, thin-bedded sandstones, and brown-drab shales, several 
hundred feet, dip steeply southwestward. 

72. Chocolate-colored and red shales, heavy deposit. 

73. Gray thin-bedded sandstones and shales. 

74. Red shales. 

75. Shaly gray sandstone; dip 60°, southwestward. 

76, Variegated chocolate-colored, drab-blue, red, and drab shales. 
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77. Gray spar-seamed sandstone, obscure exposure; dip northeast- 
ward. 

78. Chocolate-red shales, exposed space 180 feet. 

79. Checolate-gray, thin-bedded sandstone; dip steeply northeastward. 

80. Chocolate-red shales, exposed space 130 feet. 

81. Gray, thin-bedded, spar-seamed sandstone; dip 38°, N. 55° H. 

82. Red shales, exposed space 90 feet. 

83. Chocolate-gray sandstone, 10 feet exposed. 

84. Gray, thin-bedded, spar-seamed sandstone, exposed 20 feet, intaen 
up into a sharp arch, on the one hand dipping 35°, N. 20° E., and on 
the opposite flank 500 to 60°, W.15°S. Exposed space 75 yards. 

85. Unexposed 20 yards. 

86. Gray, spar-seamed sandstone, exposed 10 feet; dip very steep south- 
westward ; almost vertical. , 

87. Imperfectly exposed space, with red, chocolate-colored shales, 180 
yards. 

88. Gray, thin-bedded sandstone, obscure exposure; dip 72°, S. 
65° W. 

89. Red and chocolate-colored shales and thin bands of sandstone ; ex- 
posed space 300 yards. 

90. Gray, chocolate- mottled, thin-bedded sandstone ; obscure exposure. 

91. Chocolate- red shales; ; exposed space 100 yards. 

92. Softish, gray, thin bedded sandstone, 20 feet exposed; dip 46°, Ss. 
55° W. 

93. Blue indurated clay shales, exposed space 100 yards. 

94. Gray, reddish-weathered, thin-bedded sandstone. 

95. Red shales, exposed space 120 yards. 

96. Gray, spar-seamed sandstone, obscure exposure. 

97. Red shales, exposed space 100 yards. 

98. Brownish-gray, coarse-grained sandstone, exposed 15 feet; dip 45°, 
S. 65° W. 

99. Red arenaceous shales, exposed space 70 yards, 

100. Gray, thin-bedded sandstone, obscure exposure ; dip 35°, S. 60° W. 

101. Drab and red shales, with drab indurated shales, alternating, 
imperfectly exposed over a space of 500 to 800 yards, up to wooded point 
of spur on the northwest of Anderson’s Gulch. 


The section thence was carried from a point on Iowa Gulch near the 
lower placer mines, where anticlinal fold G again appears, up the great 
spur between Anderson’s Gulch and Bilk’s Gulch to the crest of Station 
XXVIII (Mount Caribou). In this ridge the same series of gray sand- 
stones outcrop as shown above, and which incline southwestward. At 
a higher point, where the ascent steepens, a heavy ledge of eruptive 
material makes its appearance, with which the section is continued, as fol- 
lows: 


102. Unexposed space lying between the last above-mentioned depos- 
its, No. 101, and the following: 

103. Gray, hornblendic trachyte, with débris of similar rock in slope 
above. 

104. Hard, gray sandstone débris, not seen in situ. 

105. Hard, gray sandstone, obscure exposure. 

106. Space with red earth and gray sandstone below, red shales 
above. 
107. Gray, thin-bedded sandstone; dip 50° to 60°, S. 65° W. 

108. Red earth, indicating subj acent red shales. 
109. Gray sandstone ; . dip steep southwestward. 
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- 110. Red earth. 
- 111. Eruptive rock, similar to No. 103; forms a heavy ledge, dipping 
at a steep angle southwestward. 

112. Bluish, spar-seamed limestone, exposed space 20 feet, but much 
broken up, obliterating the planes of bedding ; contains obscure remains 
of a very small robust or gibbose form of Gasteropod, resembling a form 
occurring elsewhere in horizons provisionally referred to the Laramie 
formation; but, at the same time,it is difficult to distinguish it from very 
similar forms, both in appearance and condition, prevalent in Jurassic 
strata in the same region. 

113. Gray sandstones and red shales, exposed in space perhaps 200 
yards across. 

114. Eruptive or intrusive porphyritic ledge, like 111, but much broken 
up; exposure 25 yards across. 

115. Gray and drab, partially metamorphosed shales, space 60 yards. 

116. Soft gray sandstone, 60 feet exposed; dip 50°, S. 45° W. 

_ 117. Red shales, 20 yards across. 

118. Eruptive ledge, like 114, much broken up. 

119. Gray sandstone and chocolate-colored shales, with porphyritic 
trachyte débris in the surface, and bluish-gray arenaceous indurated or 
metamorphosed shales above, space 100 to 150 yards; dip 45° southwest- 
ward. ‘ 

120. Eruptive ledge, like 118. 

121. Bluish, fine-grained, ripple-marked, indurated arenaceous shales, 
interbedded with brown chocolate-colored shales, all more or less indu- 
rated or metamorphosed, exposed 30 feet, space 100 yards. 

122. Eruptive ledge, like 118, 15 feet exposed. 

123. Metamorphosed variegated shales, 30 feet exposed. 

124. Eruptive intruded ledge, like 122. 

125. Bluish, chocolate-colored, laminated slaty shales, much changed 
by contact with intrusive volcanic material; dip 45° to 50°, S. 45° W. 

126. Eruptive ledge, like 124, space 30 yards. 

127. Slaty shales and fine-grained bluish gray sandstone, space 30 
yards; dip 35°, S. 45° W. 

128. Eruptive ledge, like 126, space 15 yards. 

129. Brittle drab slates or metamorphosed shales, including below 
two thin sheets of intrusive volcanic material like 128, space about 200 
yards. 

130. Dark brownish gray sandstone and conglomerate. 

_ 131. Several ledges of eruptive intrusive matter, like 128, exposed high 
up on spur, the crest of which for several hundred yards is strewn with 
débris of similar rock, with obscure exposures of highly metamorphosed 
drab and blue-green mottled slaty shales. In the summit of the outly- 
ing dome by which the spur attaches to the saddle southeast of the 
main summit, there appears a ledge of dark bluish hornblendic trachyte, 
much broken up, so that its character may not be readily determined— 
whether a dike or intrusive mass—and so with other exposures of these 
volcanic materials. 


On the northwest side of Station XXVIII the mountain is broken 
down precipitously into a little amphitheatre, half environed by cliffs 
and talus slopes, in which a section showing a vertical thickness of 
several hundred feet of sedimentary and intrusive ledges may be advan- 
tageously studied. Although the direct connection could not be traced, 
it is presumed that the volcanic intrusive ledges which appear in the 
ainphitheatre walls are the same as the blindly-exposed ledges last re- 
ferred to in the upper crest of the spur next southeast, the strike of the 
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sedimentaries indicating such to be the case. Therefore, with the de- 
scription. of this escarpment exposure, the section is carried to the sum- 
mit of Mount Caribou, and is as follows: 


132. Drab shales, metamorphosed into brittle slates, exposed 50 feet, 
the base concealed beneath the upper rim of the talus accumulation. 

133. A heavy ledge of decomposing greenish gray intrusive rock re- 
sembling basalt, enclosing hard pebble-like bodies of hornblendic trachyte; 
about 25 feet. 

134. Drab, green, and chocolate-tinted shales ,changed by metamorphic 
action to a brittle slate, a heavy deposit, in the aggregate about 365 feet, 
whichwas deposited consecutively with ‘that portion mentioned under No. 
132, from which it was subsequently separated by the intrusion of the vol- 
canic matter No. 133. This deposit presents the following subdivisions: 
a. The lower 75 to 100 feet shows at the bottom and top buff sandstone 
layers, and distributed through the mass of the slate occur apparently 
irregular bands or “pockets” of rusty, porous “mineral”-like material, 
which doubtless owes its origin to volcanic action. 0b. Drab, ereenish- 
tinged metamorphosed shale, about 100 feet; dip 25° to 35°, ”'S. 60° W. 
c. Laminated sandstone, 5 feet exposed, probably thicker, interlaminated 
with shales. d. Irregular lenticular or “pocket”-like masses of brown 
or rusty gray “mineral” rock included in metamorphosed shale, associ- 
ated with calcite, distributed through a thickness of about 60 feet. ¢. 
Thin intrusive sheet of porphyritic (?) rock, 3 feet.  Chocolate-drab, 
metamorphosed shale, about 60 feet. 

135. A heavy deposit, apparently consisting of a brecciated conglomer- 
itic mass caught up in the intrusive material, with green copper-stained 
pyritous “pockets,” and presenting an inferior rusty porous portion, darker 
purple middle layer, and greenish-tinged upper portion, in the aggregate 
about 100 feet thick ; dip 45° southwestward. 

136. Drab and eray, rather uniformly fine textured limestone, appar- — 
ently partially metamorphosed and fragmentary, exposed 30 to 75 feet. 
In the saddle to the southeast of the summit, and at a lower level, the 
ledge dips at an angle of about 30°S., 45° W. It contains a small 
Gasteropod, but too imperfect for further determination than to note its 
resemblance and probable specific identity with the but little better 
preserved specimens of the shell occurring in bed 112. This rock out- 
crops in the saddle west of, and intervening between, the summit at the 
station and the slate- capped prominence of the great west spur. It is 
here much changed by metamorphism, probably by contact with, or 
pos nily to, the eruptive mass of which the bulk of this spur is com- 
pose 

137. Greenish gray decomposing ferruginous intrusive mass, resem- 
bling rotten basalt, and belonging to a debatable series of volcanic prod- 
ucts. About 6 feet. 

138. Highly metamorphosed drab, brittle shale, thickness undeter- 
mined, crowning the summit and occurring in patches in the shelving 
western portion of the main mountain. 


From the latter point our examinations of the slopes on the western 
flank, or John Gray’s Lake drainage, were carried along a line a couple 
of miles southeast of Station XX VIL commencing at the summit of 
the lower mountain ridge, which constitutes the southeastern prolonga- 
tion of Mount Caribou. The initial horizons at the latter point were 
not positively identified with any member of the foregoing section; but, 
taking into account the bearing of the ledges in Station XXVIO, it 
seems very probable that the two localities are stratigraphically identi- 
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cal, or but little separated, the following deposits lying to the westward 
and conformably superimposed on the preceding. The section concludes 
with the following and fartherest west-lying deposits occurring in the 
undulating uplands south of John Gray’s Lake and occupying the inter- 
val between the southwest base of the Caribou Range and the northeast 
foot of the narrow ridge which is designated as the ‘‘Gray’s Lake ridge” 
in the preceding section devoted to the Willow Creek Basin. 


139. Laminated dark red sandstone, underlaid by red shales. This 
ledge shows in an obscure outcrop in the shallow saddle on the crest of 
the ridge immediately east of the extreme source of Tin-Cup Creek, 
which at the point where we crossed attains an elevation of 1,700 to 
1,800 feet above John Gray’s Lake, or nearly as much lower than the 
summit of Mount Caribou, a couple of miles to the northwestward. 

140. Space several hundred yards across, showing obscure exposures 
of red shales. 

141. Brownish gray sandstone, obscure exposure. 

142. Unexposed space. 

143. Drab, spar-seamed, fragmentary limestone, dipping about 35° 
southwestward. This forms a heavy ledge or deposit, plating the north- 
east steep border-slopes on Tin-Cup Creek, and which is traced as far 
as we could see in the direction of the strike, southeastward, where it 
seems to be cut through at the abrupt easterly bend of the stream in 
crossing this ridge. It is not very dissimilar to the limestone occurring 
in the summit at Station XXVIII, but the absence here of the heavy 
deposit of drab shales, which at the .above locality underlies the lime- 
stone, militates against the supposition of the identity of these lime- 
stones. 

144. Red shales, appearing in the valley of Tin-Cup Creek, a short dis- 
tance above some abandoned reservoirs for the placer mines lower down 
this creek. 

145. Gray and brown conglomerate and sandstone. 

146. Red shales. . 

147. Gray, brown-weathered sandstone, heavy ledge. 

148. Red and chocolate-colored shales. 

149. Gray, thin-bedded sandstone. 

150. Red shales. 

151. Drab, fragmentary limestone, imperfect exposure of an appar- 
ently heavy ledge. 

152. Chocolate-colored and red shales, with obscure exposures of 
brown-weathered gray sandstone. 
ao Heavy-bedded, brown-weathered sandstone, in crest of rounded 

vide. 

154. Space 200 to 300 yards, no exposure. 

155. Gray sandstone ledge. 

156. Unexposed space, 200 to 300 yards. 

157. Heavy-bedded, gray sandstone and chocolate-colored shales, ob- 
scure exposure. 

158. Red shales, including chocolate-colored, thin-bedded sandstone, 
imperfectly seen in the shallow valley of a tributary of Tin-Cup Creek. 

159. Heavy-bedded gray sandstone. 

160. Unexposed, space 100 yards. 

161. Gray, reddish weathered sandstone, in crest of low water-shed, 
between Salt River and Gray’s Lake drainages. 

162. Unexposed. 

163. Buff gray sandstone, and brown earth or shales, obscure exposure. 
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164. Unexposed. 

165. Obscure exposure of gray sandstone. 
166. Red shales, exposed in the northeast slopes of narrow valley 
tributary to Gray’s Lake. 

167. Heavy ledge gray, brown-weathered, laminated sandstone; dip 
30° to 45°, southwestward. Forms a conspicuous escarpment in crest 
of low ridge through which the little stream breaks its way out to the 
long, gentle slope descending to the level of John Gray’s Lake plain. 

168. Gray, brown-weathered, spar-seamed sandstone, forming four or 
five ledges, and interbedded with chocolate-colored and pale reddish 
shales, which appear in the open, grassy slopes over a belt several 
hundred yards across. 

169. Flat alluvial valley, traversed by a small stream that flows out 
into the flats of John Gray’s Lake, two or three miles to the northwest. 

170. Gray, thin-bedded sandstone; dip 30° 8., 60° W. Exposed in 
gentle slopes on the southwest side of the valley, and rising into the 
undulating upland south of John Gray’s Lake, in which the following 
obscurely exposed strata appear. 

171. Unexposed. 

- 172. Gray, thin-bedded sandstone, dip southwestward. 

- 173. The above ledges are followed by several successively higher and 
similar soft sandstone beds, which show obscure outcrops in the undu- 
lating upland which occupies a breadth of about three miles, the meli- 
nation of the strata gradually flattening to the southwestward, where 
they sink into a shallow depression and disappear. 


Just beyond the point mentioned under 173 of the above section, a 
low and more abrupt ridge intervenes between this depression and a 
southeast tributary of John Gray’s Lake, in which obscure exposures of 
red and light shales were observed (174), and on the summit, at an ele- 
vation of 300 to 400 feet above the plain, dark gray sandstone and gray 
and buff limestone débris occur (175), the latter abounding in Ceratites. 
The latter deposits were not seen in situ, and their relation to the fore- 
going soft sandstones and pale red shales, which compose the whole of 
the upland traet to the northeast and reach up on the southwest flank 
of the Caribou Range, was not ascertained. The latter locality is just 
over our south line. In the country to the southeast, Dr. Peale dis- 
covered the same ledge in place, from which he brought in a suite of 
its peculiar fossils, amongst which Dr. White has recognized several 
species of Ceratites. ‘This ridge is separated from the low hills outlying 
the Gray’s Lake ridge on the northeast, by a rather wide, estuary-like arm 
of Gray’s Lake Basin, which soon narrows and is choked with the basaltic 
flows that form the lower divide between this and the drainage flowing 
south. These low, outlying hills are composed of dimly exposed red- 
colored deposits, resembling the softer shales in the above-mentioned 
ridge, and which dip apparently southwest. The interval between 
these ridges is, however, filled with the basaltic flow, completely inter- 
rupting the continuity of the sedimentary exposures. To the southward 
or southeastward these deposits have the appearance of dipping into 
the low mountain ridge on the southwest side of John Gray’s Lake, and 
which at the southernmost point visited, a mile or two south of the lake, 
was found to exhibit an interesting anticlinal fold, with the appearance 
of the strata curving round the southeast extremity of the ridge, where, 
as. elsewhere observed, are massed heavy deposits of red beds. But 
within our territory that portion of the ridge south of the wagon-road. 
gap presents the structure of a monoclinal ridge composed of Carbonif- 
erous deposits. Iam strongly inclined to the belief that a belt or zone 
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along the northeast border of this ridge occurs in which the strata have 
been greatly disturbed, probably resulting in faulting or sharp folding, 
by which the beds on the northeast side were suddenly dropped down 
or greatly pinched. More than this was not suggested by the appear- 
ances as seen from a distance. 

With a brief review of the leading stratigraphic and structural fea- 
tures elicited in the course of the examinations detailed in the foregoing 
sections closes the account of the observations made in this most inter- 
esting mountain range. The eastern portion of the McCoy Creek sec- 
tion shows a rather broad and shallow synclinal depression (A), the 
outskirts of which are based upon a series of red sandstones and varie- 
gated red and drab shales, which are doubtfully regarded as of Triassic 
age. This depression is the same as that previously observed to the 
west of Station XX VI and east of Station X XVII, and which appar- 
ently runs out to the southeast into Salt River Valley. To the north- 
west, beyond the above-mentioned point west of Station XXVI, it is 
possible that this fold corresponds to the synelinal trough lying between 
Stations XXI and XXIV, beyond which it seems to curve round more 
to the west, where it may pass out into the western border of the north- 
ern portion of the range, but where it is buried beneath the volcanic 
flows. The identity of the above-mentioned synclinal depressions is, 
however, rather suggested than demonstrated ; but when we take into 
consideration the average prevalent direction of the strike of the strata, 
it seems so well borne out as hardly to admit of a doubt but that they 
belong to one and the same trough. 

Some three and a half miles within the debouchure of McCoy Creek 
the strata rise up in a rather narrow fold (B), with steep or vertical dip 
on the southwest flank, where the dark-weathered conglomeritic sand- 
stones are seen to arch up toward the crest of the fold in the escarp- 
ment exposures on the south side of the stream at its north bend. This 
fold is unmistakably identical with that in Station XX VII ridge, the 
axis of which also corresponds to the crest of the lofty massive mount- 
ain a few miles to the northwest, whose summit dominates the region 
between McCoy and Pyramid Creeks. Beyond the latter point, how- 
ever, it isnot so clearly traceable. There are uplifts and westerly inver- 
sions in the vicinity of Stations XXI and XX, which certainly occur in 
line with the prevailing strike of the strata between these distant local- 
ities, but at the latter locality they are so different physically, and more 
complicated, as to conceal their relations until the structural features 
were plotted on the topographical sheets; for on McCoy Creek it does 
not appear that the uplift was so great and the lateral forces so power- 
ful as to topple the fold over, inverting the strata, such as doubless was 
the result in the northwest. Yet we find an approach to such a state 
of things, the western flank showing beds tilted to verticality, though 
they soon resume gentler inclination, and finally sink into a moderately- 
shallow synclinal trough (C). Southwest of the axis of the latter depres- 
sion the strata gradually steepen in their rise as we pass up the valley 
until reaching a point 14 to 2 miles by the stream, but probably within 
that distance along a line at right angles to the strike, when they 
abruptly flatten out in a broad-topped arch, a couple of miles across, as 
shown at D. The present uplift must represent a displacement of at 
least several hundred feet, bringing to view a calcareous horizon, which 
probably belongs to the Jurassic. The synclinal on the northeast is 
mainly filled with sandstones and shales, in regard to the age of which 
more explicit data was not obtained than that they are of later date 
than the Jurassic limestones, which form the central bands in the anti- 
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clinal B, with which they are apparently conformable. The same series 
of deposits, indeed, recur in the northeast border slopes of the Fall 
Creek mountain-basin, where, however, they appear in an inverted posi- | 
tion, and merge into the plant-bearing gray sandstones of the Laramie (?) 
Group. The southwestern flank of this flat-topped uplift is not well 
seen, but it appears to decline gradually into a narrow belt of greater 
disturbance, where its component strata again begin to rise. Perhaps 
half a mile below the upper basin these strata are suddenly uplifted 
and toppled over past the vertical on the northeast side, sweeping over 
in an undulating, gently-inclined arch, and pitching steeply on the 
southwest flank, the fold, as seen in the north side of the valley, pre- 
senting the appearance indicated in the diagram at E. The exposed 
strata in the above uplift are apparently identical, lithologically, with 
the upper horizons in the broad-topped fold D. One or both of these - 
folds reappear in the broad ridge between Station XX VII ridge and 
Mount Caribou, the comparatively gentle summit slopes of which may 
have been determined by the moderately-arched strata which form the 
roofs of these arches. The latter feature was distinctly displayed from 
both of the above-mentioned points of observation, which, but for the 
forests, commanded unobstructed view over this elevated mountain tract. 

Once within the upper basin of McCoy Creek the lithological charac- 
teristics change, a heavy series of, however, comformable deposits, con- 
sisting of gray, shaly, spar-seamed sandstones and variegated shales, 
thrown into sharp folds (F and G), sueceeding and approaching Mount 
Bainbridge, preserving uniform southwesterly inclination, as has already 
been noticed. 

Overlooking the low hills along the north side of the main western 
branch of McCoy Creek, and which extend over the low water-shed into 
John Gray’s Lake basin, a fair exhibition of the sedimentary rocks there 
occurring is presented from the summit of Mount Caribou. This re- 
gion embraces a radius of about one-eighth of a cirele, and continues 
the section from about the southwest dipping horizons between that 
mountain and the anticlinal (G) next east. The section, as seen from 
this distance, is conspicuous for the predominance of red-colored strata ; 
but its chief interest is derived from the rather complicated structural 
features which the exposures reveal, and which are worthy of attention. 
Descending into John Gray’s Lake basin from the low ridge southeast of 
Station XX VIII, the dip of the strata was uniformly to the southwest- 
ward, gradually flattening out as we progressed in that direction; but 
in the above-mentioned quarter it is apparent a far less simple state of 
things exists. Outlying, or rather continuing the southwesterly inclina- 
tion of the gray sandstones and wider belts of pale red softer deposits 
which recline on the southwest flank of the anticlinal fold G, the strata 
are observed gradually steepening the angle of their inclination, until, 
at a point about northwest of Station XX VIII, a belt of these red beds 
shows the strata tilted into positions wavering to one or other side past 
the vertical, followed by a broad belt of similar colored strata dipping 
to the norteastward. This has the appearance of a pinched synelinal, 
but a closer examination might resolve it into a more regular trough- 
like fold. Immediately to the southwest a heavy deposit, consisting of 
red and light-drab strata, rises up into the crest of the watershed, where 
they form a rather sharp arch, succeeded by a heavy series of red beds, 
which latter dip more and more moderately as they near the borders of 
John Gray’s Lake plain, precisely as has already been seen in the slopes 
south of Station XXVIII. In both the lithology and magnitude of the 
folds there is a striking and most intimate resemblance to the section 
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previously described on the east fork of John Gray’s Creek, a few miles 
to the northwest, while the trend of the folds at the latter locality ren- 
ders it almost certain that the two sections are structurally, and probably 
stratigraphically, identical. Could it have been determined by actual 
examinations whether the trend of these prominent structural lines in 
the present quarter bear a little east of their apparent regular course, 
which they are known to do within still more local limits, the above 
anticlinal and synclinal folds might have proved to be actually identical 
with the folds G and F of the McCoy Creek section. This interpreta- 
tion would at once refer the exceedingly variable and complicated strue- 
tural features noticed in the vicinity of Stations X VIII and XIX to the 
remarkable exhibitions of vertical displacement which are so unmistak- 
ably displayed at the upper entrance to McCoy Creek Valley, and which 
are shown at E in the accompanying diagram of the McCoy Creek sec- 
tion. 

In connection with the sedimentaries in Mount Caribou are associated 
voleanic phenomena of greatest interest. Scarcely is the ascent of 
the northeast spur along Bilk and Iowa gulches begun, when intrusive 
ledges of voleanic matter appear; but it is only on gaining the crest and 
examining the section exposed in the walls of the little amphitheatre 
just under Station XXVIII that their true relations were unequivocally 
disclosed. It would, however, require a much more extended examina- 
tion than any we were able to make in order to describe in detail the 
variable character of the eruptive materials here met with, and which is 
barely more than hinted in the description of the foregoing section. 
Besides the regular intruded sheets of voleanic matter, the shales in cer- 
tain horizons seem to have been permeated with mineral vapors, to which 
may be attributed the formation of the “mineral pockets” met with in 
these deposits. The whole mass of the sedimentaries has undergone 
metamorphism to greater or Jess extent, either by direct contact with 
the intruded sheets or by less direct though probably equally potent in- 
fluences arising from the same source of volcanic action. But, besides 
the intrusive matter, there occur exhibitions of eruptive origin on even 
a grander scale. A short distance from the summit in the northeast 
face of the mountain there appears a nearly vertical dike-like mass of 
dark bluish-gray eruptive rock, which has a strike approximately east- 
west. Passing out along the crest of the western spur of the mountain, 
the sloping summit is paved with limestone and brittle metamorphosed 
slate, the latter terminating in a nipple half a mile or so west of the 
station, where it is associated with a gray sandstone. At the latter 
point the sedimentaries are cut by an enormous mass of eruptive char- 
acter, consisting of a dark bluish-gray, hornblendic trachyte, like that 
in the before-mentioned dike under the northeast brow of the mountain, 
and which presents more the appearance of an extremely fine, syenitic 
rock, in places changing to a schistose character from the prevalence of 
mica, which but for the fact of its unmistakable origin would be unhesi- 
tatingly referred to the metamorphic schistose series. This mass is suec- 
ceeded on the west by a pinkish-gray, hornblendic trachyte of similar 
character, occurring in weathered slabs, and which extends far down 
along the crest of the steeply descending spur, until its foot merges into 
the low, rolling sedimentary hills which here flank the mountain, and in 
whose bared sides exposures of red shales and sandstones reappear, in- 
clining to the southwest. This spur forms the southern rim of the great 
crater-like excavation in the northwest face of the mountain, the distant 
view of which presents so interesting a feature as seen from that direc- 
tion. The northern spur appears to be made up of sedimentary and 
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intrusive ledges similar in position and mode of occurrence to the expo- 
sures in the before-mentioned amphitheatre walls. About a mile south- 
east of Station XXVIII, the mountain rises into a second prominent | 
summit. Passing the saddle between these points, the whole southwest 
face of the mountain is covered with the angular slabs and débris of 
dark-bluish to greenish-gray, hornblendic trachyte, weathering to a pale- 
reddish hue. In the latter mountain-peak the eruptive mass seems to 
rest upon metamorphosed bluish slates, the line of junction pursuing a 
northwest and southeast course, the slates dipping southwestwardly. 
The eruptive material here has more the appearance of a wedge-shaped 
mass, though it was undoubtedly connected with the dike-like effusion in 
the west spur of the main summit; and so, also, with the intrusive sheets 
which were noticed in the northeast face of the mountain. Hence, it 
appears that the phenomena observed at this locality suggest one of 
those local outbursts or a concentration of voleanic activity, by which the 
sedimentary deposits were fractured and split apart, the molten matter 
in the one case forming wedge-shaped dikes, and in the other intrusive 
sheets following the plane of bedding. It may be that this locality 
marks a centre of eruption from which were derived much of the earlier 
volcanic products which were spread over the mountain summits, rem- 
nants of which are still to be found on high eminences. But the imper- 
fect study we were able to make rather leads to the conclusion that at the 
time of this eruption, which was doubtless subsequent to the disturb- 
ances by which the sedimentaries were upraised and folded, the volcanic 
activity was wholly subterranean in its manifestation, and that the pres- 
ent appearances at the surface are due to the excessive denudation which 
the region has been subjected to within a comparatively modern date. 

This locality is one also of unusual economic interest and importance, 
on account of its placer mines. These are situate along lowa Gulch, a 
main tributary of McCoy Creek, and on the upper course of Tin-Cup 
Creek, which flows south and east into Salt River, a few miles above its 
confluence with the Snake. At the former locality the mines are oper- 
ated by the usual various processes, and at the time of our visit there 
were about twenty-five whites and three or four times as many Chinamen 
engaged in the works. The mines were discovered in 1870, since when 
the district has had a fluctuating population, and though, perhaps, never 
remarkable for extraordinary yields in gold, the present occupants of the 
mines claim to be reaping fair returns. The auriferous gravels are prin- 
cipally accumulated in what is known as Bilk’s Gulch, which rises imme- 
diately under the summit of Mount Caribou, and consists of abraded 
volcanic and sedimentary materials largely mixed with the red earth 
derived from the softer shales. The mines are distributed along Bilk’s 
Gulch and Iowa Gulch to its confluence with McCoy Creek, a distance 
of about three miles. The chief difficulty, as usual, is the limited supply 
of water, which is said to last about three months, the “cleaning up” 
requiring a month or so more, for which a limited quantity of water suf- 
fices. Asto the productiveness in gold of these placers, nothing definite 
was ascertained. The placers on Tin-Cup Creek are also said to be mod- 
erately productive; but the single day we had at our disposal for the 
examination of this section did not permit visiting this locality. Gold 
has been obtained in the sands all the way down the valley of MeCoy 
Creek, and, I believe, in the bars along the Snake, but not in remunera- 
tive quantity. Indeed, the whole region has been pretty thoroughly 
ransacked, and prospect excavations were encountered in the most ex- 
traordinary and unexpected places. 

From what has been said, it is evident that the source whence the 
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placers derived their gold is situated in Mount Caribou. At the time 
of our visit I was fortunate to meet one of the partners of an enterprise 
looking to the development of the parent lodes. Messrs. Griffin & 
Noelans have begun a shaft upon a lode which outcrops high up on the 
southerly declivity of the peak a mile to the southeast of Station 
XXVIII. The lode has a strike about N. N.W. and 8. 8.E., nearly ver- 
tical, or inclined southerly, if at all, and seems to be very wide; indeed, 
no well-defined walls have as yet been discovered, the exploration hay- 
ing been carried to a depth of about 60 feet by an excavation 8 feet in 
diameter. It is composed of rotten ferruginous quartz inclosed in the 
peculiar tough trachytic mass, its relations apparently being that of a 
dike or true vein, which may also traverse alike the sedimentaries and 
eruptive materials. No assay of the lode-rock had been made from which 
even an approximate knowledge of its value might be gained; but a 
little gold has been extracted by the rather crude processes at command 
of the explorers. I believe there are other ‘‘ discoveries” of similar char- 
acter in the neighborhood, but none developed to the same extent as 
that above noticed. In the vicinity of the Griffin lode, some 300 yards 
to the southwest, a vein of magnetic iron ore has been discovered in the 
hornblendic trachyte mass which forms the bulk of the western side of 
the mountain. This vein, from which specimens were obtained, is said 
to be 20 feet wide, and extends in a northwest and southeast direction, 
or nearly parallel with the above-mentioned auriferous lode. 


LOWER VALLEY OF SNAKE RIVER. 


That portion of the course of Snake River below the grand cafion 
’ traverses a typical valley trough defined on either hand by mountain 
barriers, to which. we have applied the term lower valley of the Snake. 
This valley, with its southern continuation in Salt River Valley, has a 
northerly and northwest course of about fifty miles within the district, 
and an average width between the crests of the opposing mountain ridges 
of eight to ten miles. To the northwest it opens out into a wide recess 
communicating with the Snake plains, the barrier ridge of the Snake 
River Mountains throwing out a long low spur along the northwest 
border considerably beyond the terminus of the Caribou Range on the 
southwest side of the valley. The often-mentioned volcanic upland 
bordering the Snake plains sweeps round the extremities of the above 
ranges, filling the broad debouchure and extending up the valley half 
the distance to the grand cafion, forming a continuous sheet of volcanic 
materials with that which fills the Willow Creck Basin to the south and 
sunilar recesses to the north. 

A few miles below Fall Creek, at the point where the river makes a 
bend to the north, it begins its cafioned course in the basaltic rocks, 
which thence confine the river in a narrow channel between precipitous 
walls of dark lava, until it emerges into the level plain, 15 to 20 miles 
below. Above this lower caiion pretty little alluvial expansions border 
the stream, at intervals interrupted by high, jutting benches of the vol- 
canic rocks, until just above Fall Creek the stream opens into a consid- 
erable basin area, floored with Quaternary gravels which are fashioned 
into low terraces. This prairie bottom extends adistance of 6 to 8 miles 
up the valley, mainly lying along the opposite side, the stream skirting 
the foot of the voleanic bench on the southwest side, with here and there 
narrow intervale tracts intervening. Approaching Pyramid Creek the 
voleanics again converge from either side, forming the narrows through 
which the stream winds amidst varied, picturesque scenery a distance 
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of 4 or 5 miles, when it expands into the beautiful and still more exten- 
Sive upper basin which extends to the mouth of Salt River, above which 
it expands into the basin-like area through which that stream flows from 
’ the south. Above the narrows the voleanics suddenly cease, and thence 
southward the bared sedimentary formations appear in the abrupt slopes 
of the border mountains between which the terraced bottoms stretch 
from side to side. 

Our route entered the valley just above the north bend, where the 
stream enters the lower cation in the basalt, and thence followed up along 
the southwest side to the confluence of Salt River. The character of 
of the voleanic materials at this point was casually mentioned in connec- 
tion with the description of the section through Station XXIV, in a 
preceding page. They are seen to be made up of pinkish and drab tra- 
chytic flows, associated with peculiar light, soft materials, recalling mod- 
ern Pliocene deposits along the border of the Snake plains, and reclin- 
ing directly upon the sedimentary deposits which compose the border 
mountain flanks. These flows dip gently northward in the direction of ° 
the lower level of the voleanie plain which fills the debouchure of the 
valley, and which has the dark, somber appearance of basalt. Just 
above the little recess at Butte Creek, which is shut off by a low butte 
capped by trachyte, we regain a larger bottom tract which reaches a 
mile or two along the stream on the south side, extending back to the 
foot of the mountain, which is here denuded of the volcanics ; the north 
side of the stream still showing a high bluff of voleanic rock, underlaid by 
lighter colored deposits. This bottom is made up of gravel, which forms 
a bar-like dry ridge between the stream and a low, marshy tract inland, 
and is further molded into low terraces. The turbid, swift-flowing 
river is filled with low islands, covered with willow and cottonwood, and - 
dense copses of wild rose. The volcanic bench again approaches the 
stream, along which it forms blufis a hundred feet or more in height, 
gradually rising up on the neighboring mountain flank. Fall Creek, 
after leaving its debouchure in the mountain border, cuts a narrow canon 
across this bench, and on reaching the left bank of the Snake its waters 
are precipitated over a ledge of basalt, making a pretty fall of 30 to 50 
feet in height. The section of the volcanics exposed in the canon wall 
of Fall Creek is one of much interest, inasmuch as it exhibits the rela- 
tive position of the trachyte to the overlying basalt, both of which incline 
off the sedimentary border ridge. At this locality the trachyte was seen 
at an elevation of 700 to 800 feet above the river, in close proximity to 
exposures of Carboniferous limestone, the basalt not reaching the same 
elevation, its limit being rather well defined by a bench-like break in 
the sloping surface. The basalt is the usual dark gray or brown vesic- 
ular variety, holding small globules of white quartz which have a fused 
appearance. It occurs in heavy layers, broken into irregular cross-frac- 
tured columnar fragments, and undulating as though the material flowed 
over an uneven surface. Thesame ledges appear in the bluff-face of the 
lower plateau bench that fills the opposite side of the valley, where, how- 
ever, they appear to incline gently in the direction of the opposed mount- 
ain border. This appearance is not readiiy accounted for, unless the 
flows have been slightly tilted by forces acting in the mountain belt 
along the southwest border of the valley. 

This high voleanic bench continues thence to Pyramid Creek, every- 
where showing the same sloping surface outlying the sedimentary 
mountain border, across which numerous little streams have eroded deep, 
narrow channels, on their way to the river. On the opposite side of the 
valley, corresponding benches are seen along the farther border of the 
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large basin tract which here occupies the valley. Along one of these 
little caionst, hree miles above Fall Creek, interesting exposures of the 
voleanics were met with, a section of which is reproduced in connec- 
tion with the section-diagram of the mountain border north of Station 
XXYV, where their relations to the sedimentaries, as also the relative 
position and succession of the somewhat variable elements of which 
they are composed, are well shown. The section here referred to exhib- 
its the various sheets of volcanic material rather rapidly rising from the 
river bluffs inland, where they reach an elevation of 800 to 1,000 feet 
above the river-level. The inferior flows appear well up the cafon in 
the neighborhood of the sedimentary flank of the mountain, whose foot 
they bury from view; but the northerly inclination is apparently suffi- 
ciently steep to carry these deposits beneath the river-level, the descent 
being somewhere between 500 and 600 feet in a distance of perhaps one 
and a half miles. The lowest member, a, shows an exposed thickness 
of about 30 feet of dark drab trachyte. This is overlaid by b, dark, 
vesicular, rudely bedded basaltic lava, 25 feet or more; ¢, pink trachyte, 
or tuff, rather hard and weathered in slab-like fragments with a bedded 
appearance, 30 feet or more; d, conglomeritic deposit, made up of water- 
worn pebbles of quartzite, limestone, &c., without distinct arrangement 
in layers, held in a buff-drab matrix like a voleanie paste. This deposit 
attains a thickness of 100 feet or more, forming picturesque mural bluffs 
on the water side below the mouth of the gulch, and rising inland, 
southward, its débris scattered thickly over the surface of its outcrop 
like accumulations of glacial drift. In the river bluffs and inland it 
is overlaid by e, a volcanic ledge consisting of maroon-drab trachyte, 
laminated gray trachyte or trachorheites, and intensely hard, dark, basal- 
tic lavas, showing an exposed thickness of about 25 feet. The latter 
flow extends high up on the foot of the mountain, occurring in sloping 
plateau-like benches. The variety in the character of the components 
of the volcanic deposits at this locality may not indicate so many dis- 
tinct epochs of eruption and flow, the different materials apparently 
having followed without cessation, in alternating order. Yet the pres- 
ence of the interpolated conglomerate evidently shows an interval 
between the earlier and later trachytic flows sufficient for the accumula- 
tion of a heavy deposit of erratic materials which subsequent volcanic 
action, by affecting its partial transformation, partly claims for its own. 
This deposit, physically, bears intimate resemblance to that which 
crowns the summit of Station XXIII in the northern part of the Caribou 
Range, and which seems to form the basis of the voleanic rocks at that 
place; the chief differences noticeable being its inferior position and the 
more distinct conglomeritic instead of brecciated character, from which 
it may well be inferred the two deposits are not contemporaneous, 
although, perhaps, similar in origin. 

Many beautiful views are gained from the trail passing over the high 
benches, stretches of wide bottom plain, through which the gleaming river 
winds in majestic curves, its surface studded with beautiful islands and 
the banks lined with tall cottonwoods, here bordered by mural blufis of 
voleanic rock, fringed with dark-foliaged pine and fir, and the whole 
bounded by rugged mountain walls, which stretch away in long lines of 
perspective until lost in the distant windings of the valley. Certainly, 
few localities afford the same varied and none more beautiful scenery 
than frequently greets the traveler in the lower valley of the Snake. 
One of the prominent heights on the opposite side of the valley, about 
midway between Fall Creek and Pyramid Creek, to which Mr. Bechler 
gave the name Promontory Peak, presents a singular phenomenon in 
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the distribution of the scant forest-growth over its rugged valley aspect. 
The arborescent vegetation extends two-thirds the way from the hase 
toward the summit, where it is terminated by a sharply-drawn hori- 
zontal line, extending quite around the visible face of the mountain, — 
above which the bare, rocky crown rises into the massive cone of the 
summit. The mountain attains an actual altitude of 9,900 feet, or 4,500 
feet above the valley, so that the limit of the forest growth is consider- 
ably below the general altitude of timber-line in the neighboring mount- 
ains. But it may, with some reason, be attributed to meteorological 
influences, and to which the universally sparse-clad southwest slopes 
throughout the lower mountain-ranges bordering the Snake plains are 
alike attributable. The prevalent winds during the term of our sojourn 
were from the southwest, hundreds of.observations, such as the bent 
boughs and unsymmetrical tops of the trees exposed to their force, every- | 
where attesting the violence of the winds, while the opposite slopes and 
deeper ravines, which are sheltered from the fierce blast, are quite gen- 
erally clothed with valuable forests. Almost the same observations hold. 
equally true in the distribution or maintenance of the drifts of snow, 
the drifts on the southwest-facing slopes being licked up or evaporated. 
by the searching winds before the season is far advanced, while cowlotrs 
and snow-cornices may remain the whole summer just over the crests. 
It is a singular fact, though not a universal one, that the majority of the 
amphitheatres and abrupter breaks in the mountainous districts face the 
east or north, as though the frost-bound side had the major share in the 
slow process of mountain seulpturing. In this way, very many of the 
loftier peaks bordering the Snake Valley present amphitheatre excava- 
tions in their northeast faces, while that toward the valley rarely shows 
so extensively eroded depressions, however rugged their aspect may be, 
and, indeed, usually is. 

Above the latter locality low bluffs of dark basaltic rock approach the 
southwest margin of the river, along which narrow tracts of alluvial 
bottom land border this side of the stream, which on the opposite side 
expand into the gravelly sage-covered plain of the lower basin. Higher 
up the valley the sedimentary mountains on either side approach nearer, 
the volcanic benches becoming higher and crowded into a narrow space, 
where they form a line of quite prominent bluffs on the northeast side, 
the bottoms being crowded to the opposite side, where they were found 
to be composed of coarse, water-worn materials, built up into low, well- 
defined terraces 10 to 25 feet above the present level of the stream. At 
the upper end of this bottom tract, a prominent pyramidal hill chokes 
the valley; it was found to be composed of flesh-colored trachyte with 
darker volcanic ledges, and which doubtless is a remnant of the voleani¢s 
which formerly flooded the entire valley. Above this conspicuous land- 
mark, to which the name Pyramid Butte was given, the volcanics cease 
on the southwest side of the valley, which opens out in a fine terraced 
tract filling the debouchure of Pyramid Creek. There are at least four 
distinct terrace levels, of which the two upper and more prominent reach 
a height respectively 40 and 90 feet above the level of the river. On the 
opposite side the volcanic bench terminates in high blutts, and at the nar- 
rows, a Short distance above, it breaks down vertically, in picturesque 
palisades several hundred feet in height, whose base is swept by the 
powerful current of the river. 

A marked change at once takes place on entering the upper basin of 
the valley. If ever the volcanics extended farther than the narrows, 
they have been entirely swept out of the upper basin, which is occupied 
by a fine wide bottom tract based upon a deposit of water-worn pebbles 
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and alluvial matter, arranged in a series of much more prominent ter- 
races than any occurring in the lower basin, the highest of which do not 
exceed perhaps 50 feet, while the lowest is only a few feet above the river 
level; the valley is narrower, but the alluvial terraces oceupy the whole 
space intervening between the foot of the abrupt mountain borders. 
Numerous small streams debouching from the hills have swept down 
quantities of débris, which is piled in low-spreading accumulations like the 
tailings of a sluice-way ; their waters are often spread over the more 
level bottoms, where they to-day form extensive areas of miry soil, but 
which will one day be converted into invaluable meadow tracts. At 
several places along this side of the valley, between the narrows and 
McCoy Creek, extensive deposits of calcareous tufa occur in two or more 
flat terrace levels, which at one point reach the present margin of the 
stream. The highest of these regular-shaped terraces is about 15 feet 
above the adjacent bottoms, and is terminated abruptly in a miniature 
escarpment which was once washed by the stream. At one place just 
above this tufa terrace, low, dome-like deposits of white tufa were seen 
at the foot of the mountain, evidently the accumulation of a still flowing 
spring. The pools here and there found on the lower tufa flats, which 
here form an extensive deposit reaching the river side and some 6 feet 
above the water-level, were tepid and very perceptibly saline ; their beds 
are covered with an ochreous-colored precipitate, and the unctuous soil 
saturated with the mineral substances from the springs was devoured 
with avidity by our animals. Professor Bradley describes a group of 
warm springs occurring on the opposite side of the valley, which have 
built up similar “calcareous, sulphurous, and saline deposits,” their tem- 
perature ranging from 88° to 1449 F. The west side springs are, how- 
ever, in an advanced stage of extinction compared with their former flow, 
when they built up the extensive, ancient-looking terraces. But the 
very modern date of even the more ancient of these spring deposits may 
be inferred from the total absence of river drift upon their surfaces. In 
crossing these old spring deposits, our animals’ tread gave out a hollow, 
resonant sound, which may be due to the imperfectly impacted layers 
which are separated by minute cavernous or porous spaces. 

We now come upon an interesting series of deposits, which, though of 
much more ancient origin than any hitherto mentioned, are apparently 
equally restricted in their distribution within the limits of the valley. 
These were first encountered ascending the valley a few miles below the 
mouth of Salt River—the exposures only appearing in the higher river 
banks and terraces cut by the inflowing tributaries, and extending south 
as far as our examinations were carried, and beyond, on the one hand, 
quite to the debouchure of the grand cafion, and on the other, up the 
valley of Salt River. They consist of drab and light-brown sandy clays 
and partially indurated buff and brownish sands, banded with various 
shades of red in thin layers, giving to the exposures a very beautiful 
variegated appearance. As before mentioned, these deposits outcrop 
quite extensively in the higher terrace banks along the river, where they 
may be well studied. They dip eastward or northeastward with great 
uniformity, probably at angles of 25° to 40°, or inclining obliquely up- 
stream. In the valley side, at the debouchure of McCoy Creek, they are 
seen resting unconformably upon the southwest-dipping Mesozoic sand- 
stones, and also along the west side of Salt River, above its mouth. But 
the river-bank exposures afford the most interesting sections. Here the 
beds appear planed off to various levels by the former action of the 
stream, showing shallow channels with low-terraced margins, upon 
which subsequent depositions of water-worn bowlders, gravel, and sands 
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were spread over their upturned edges, and which latter deposits consti- 
tute the existing terraced surface of the valley. At one point the planed- 


off edges of the beds are curiously turned up, as though some heavy body ~ 


had been forced over their tilted edges in the direction of their dip. 

No paleontological evidence was observed by which the age of these 
latter deposits might be fixed. They differ in so marked degree from 
anything elsewhere observed in this southwestern section of the district, 
both in their lithology and position, as to leave little room for doubt as 
to their comparatively modern date. In both of these respects they 
offer marked resemblances to deposits occurring in the region of the 
headwaters of the Missouri, which Dr. Hayden has described under the 
term “Lake Beds,” and which he provisionally referred to Pliocene Ter- 
tiary age. Yet they may be found to pertain to the great Wasatch Group 
of Tertiary formations so extensively developed in the region to the 
south. Their occurrence in the lower valley of the Snake offers further 
phenomena of interest in connection with their relation to the surround- 
ing and more ancient mountain barriers which define the basin in which 
these sediments were accumulated in horizontal strata. But their 
present inclined position, by which their upturned edges have been ex- 
posed to manifestly extensive fluviatile denudation, seems to be traced 
to late dynamical agencies resident in either one or other of the border- 
ing mountain areas. Whether the indications point to a late upward 
movement in the Caribou Range or a subsidence in the opposed Snake 
River Range, which in either case would tilt the deposits that fill the 
intermediate valley trough into a position like that actually presented in 
the present series of beds, is a question which remains for more extended 
investigation to decide. Also, in regard to the age of these deposits, 
more cannot, in the present state of our knowledge, be inferred than 
their probable Post-Eocene age. In the Yellowstone expedition of 1872, 
Dr. Peale describes a series of deposits under the term ‘Lake Beds” or 
Pliocene, which occupy a basin between the Bridger and Spring Caton 
Ranges, Montana, closely analogous in their occurrence and relations to 
the older sedimentaries, as here observed. But, to say the least, it 
would be premature to attempt the positive identification of these widely 
separated deposits one with the other. The Snake Valley beds differ in 
one particular from those above referred to in Montana, viz, in their 
more varigated, brighter colors; but this may be merely a local charac- 
ter, or, a8 above suggested, they may belong to an older member of the 
Tertiary formations. 
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THE TETON, OR MIDDLE SECTION. 
GENERAL TOPOGRAPHICAL FEATURES, DRAINAGE, ETC. 


The region referred to under the above designation assumes the 
outline of a right-angle triangle, the base of which rests on the north- 
ern boundary and the two sides defined by the great southern bend of 
Snake River, its apex extended south nearly severing the district, of 
which it includes almost a third of the explored area, or approximately 
2,000 square miles. Of this area perhaps one-third may pertain to the 
great basin region lying to the northwest and to which properly belongs 
the bay-like recess of Pierre’s Basin, which latter separates the moun- 
tainous portion into a clumsy y-shaped area, which forms the whole of 
the eastern and two-thirds of the western side of the triangle. 

The local drainage of this section mainly flows out into the great plain 
to the northwestward through Pierre’s River, whose numerous affluents 
collect the drainage of the larger area of the Téton Mountains, the two 
principal branches rising at either extremity of the range above 40 miles 
distant, the North Fork heading in the extreme northern portion, and 
the sources of the main stream originating at the opposite or southern 
end of the range, in the vicinity of Téton Pass. Moody Creek and two 
or three smaller tributaries rise in the northern highlands of the Snake 
River Range, the former gaining Henry’s Fork, independently, midway 
between the delta of Pierre’s River and the confluence of the Snake. 
The mountain border region sends down myriads of little streams, the 
largest of which have a course seldom exceeding 10 miles, and which 
drain directly into the Snake. While many regions may be as thoroughly 
drained, few are so well supplied with noble rivers, rapid creeks, and 
beautiful mountain brooks as this which we have at present under con- 
sideration. 

THE TETON RANGE. 


The plains, which constitute a third or more of the northwestern por- 
tion of this section, form part of the great basaltic-floored basin of Snake 
River, which stretches along the northern border and far up Pierre’s 
Basin, its eastern margin resting on the western slope of the Téton 
Range. This range, which holds a nearly meridional course, extending 
from the northern boundary of the district a distance of about 40 miles 
south, and ranging from 10 to 15 miles in east-west extent, is remark- 
able for its regular form, simplicity of geological structure, and the 
grandeur of the concomitaut topographic features. The longitudinal axis 
of the range is crowded to the east, rising into a chain of Archean 
peaks which culminates midway between the extremities of the range in 
a cluster of lofty peaks dominated by Mount Hayden, which attains an 
actual altitude of 13,737 feet. The eastern front breaks suddenly down 
in steep inclines to the level of Jacksou’s Basin, pierced by profound 
gorges which throw this aspect of the range into a series of gigantic 
buttresses surmounted by precipitous and embattled parapets. 

The western side of the range descends much more gradually, and 
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where it is flanked by the sedimentaries the central portion of the range 
is fashioned into series of extensive amphitheatres and Alpine basins, 
in which the streams gather from their sources in the snow-flats to for¢e 
their way through the cations which score the great foreland descending 
into Pierre’s Basin. The basis or foundation of the range is Archean, 
which constitutes the northern three-fourths of the main crest, expand- 
ing in the northern half, where these rocks occupy the whole width of 
the range between Jackson’s Lake and the volcanic foreland south of 
the North Fork of Pierre’s River. 

This Archean expansion culminates in a lofty spur, which terminates 
in a pyramidal peak overlooking the densely wooded volcanic foreland, 
which here reaches high up on the mountain border, or a relative height. 
of 2,500 feet above the plain north of Pierre’s Basin. To the north the 
Archean nucleus is prolonged in a narrow belt, which finally sinks be- 
neath the upraised sedimentaries and voleanies which lap up around the 
northern extremity of the range, the latter merging into the great vol- 
canic plateau which extends thence far to the north beyond our district. 
In the vicinity of the debouchure of Leigh’s Creek the sedimentaries 
again peer out from beneath the voleanic flow, and thence southward 
they hold a preminent position in the western flank of the range, and 
toward its southern extremity completely bridge over the Archean core, 
which descends in a rapidly narrowing belt in the eastern front, and 
finally disappears in the vicinity of East Pass Creek, beneath the level 
of Jackson’s Basin. 

As a whole, the topographic characteristics of the range may be likened 
to a great block tilted along its eastern border, the drainage of the west- 
ern slope confined to long narrow caiions separated by broad interven- 
ing tables of sedimentary origin, while that of the east side lies in pro- 
found short gulches mainly excavated out of granitic or metamorphic 
rocks. 

Although our own examinations afforded a pretty comprehensive view 
of the general geognostic features of the range, Professor Bradley had 
opportunity for prosecuting more detailed examinations in certain local- 
ities, which, for lack of time, we were prevented realizing to the same 
extent. In his report of 1872, he describes the Archean area of the cen- 
tral mass to consist of micaceous, hornblendic, talcose, and chloritic gran- 
ites, gneisses, and schists, the former white or flesh-colored, and oceur- 
ring in massive beds. The gneisses and schists are much distorted, the 
prevailing strike holding an east-west direction, with variable and gen- 
erally steep dips. These rocks are intersected by numerous large and 
small quartz veins, with a few of granite. On the North Fork of Pierre’s 
River our young men succeeded in obtaining a single “color,” indicating 
the auriferous character of some of these veins in that portion of the 
range at least. Besides these, there are a few dike-like exhibitions of 
dark trap-rock, which at some points Professor Bradley found conform- 
able to the bedding of the granites, though it was difficult to decide 
whether their occurrence in this position should be taken as indicating 
their intrusive character, or were deposited as flows on the ancient sur- 
face upon which the inclosing sediments were accumulated. One of these 
trap-dikes forms a well-marked feature in the southern base of the great 
cone of Mount Hayden, which may be traced as a dark ribbon descend- 
ing the west face and crossing intervening spur-ridges to the west, where 
it is lost beneath the quartzite of the Potsdam, which crowns the ridges 
in the neighborhood of the Pulpit. 

A very similar dike, doubtless also trap, occurs in the northern half 
of Mount Moran, and which may be seen from either side, appearing like 
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a narrow ladder scaling the heights, the approximate direction east-west, 
_ with a slight southerly inclination from the vertical. In the northeast 
part of the range Professor Bradley remarked the occurrence, beneath 
the Silurian limestones, of “‘a heavy body of dark micaceous gneiss, with 
both granite and quartz veins,” the metamorphics having a general south- 
erly inclination, with, however, local northerly dips. Recognizing the 
identity of certain peculiarities of weathering with these determined 
gneiss exposures, which assume elaborate and beautifully carved sur- 
faces, it appears that a large part of the east front of the range, as well 
as a wide belt, if not the whole of the northwest expansion of the Ar- 
chan area, is composed of similar rocks. The distinctively granitic ledges 
form the highest peaks of the range, as in Mount Hayden, peculiarly 
massive heights, with smooth, sheer precipices and Ituge block-like but- 
tresses, while in the Alpine basins and cation walls they appear in com- 
paratively smooth surface-exposures, strongly contrasting with the gen- 
erally sharp, highly-wrought sculpturing of the gneissic ridges. 

In the course of our examination, in the northern portion of the range, 
a small area of Paleozoic formations was brought to light, which rise up 
on the northwest flank and cap the watershed for the distance of several 
miles, when they are headed off by the sag at the head of the south 
branch of the North Fork of Pierre’s River, which also forms their 
southern limits. On the west they are soon hidden by the upraised 
volcanics, which latter sweep round the north end of the range and form 
a continuous belt with similar volcanic deposits, which rise up on the 
northeast flank of the range in the northern portion of Jackson’s Basin. 

Ascending from the plain north of Pierre’s Basin to a prominent ridge 
at the head of the North Fork of Pierre’s River, occupied by Station 
XXXII, the way for several miles passes over the laminated porphy- 
ritie trachytes which here constitute the great outlying foreland of 
the range, and which dip at a moderate and gradually diminishing 
angle of inclination in the direction of the plain. Along the mountain 
border they are suddenly terminated in irregular lines of bluffs, which 
on the main North Fork reach to within two and a half miles of 
Station XXXII, where their elevation is about 2,000 feet above the 
foot of the foreland. At this point the lowest of the sedimentaries 
shows a thin-bedded drab limestone, indistinguishable, lithologically, 
from the beds elsewhere found in connection with the Lower Silurian or 
Quebec formation. In the opposite side of a lateral gulch half a mile 
east, castellated exposures of heavy-bedded buff magnesian limestone, 
showing a thickness of above 100 feet, are met with, the rock affording 
a few Upper Silurian corals, Halysites, &c. These ledges form a prom- 
inent feature of the exposures in the steep slopes along the stream, and 
are succeeded by the ordinary gray and drab, cherty limestones, with in- 
terpolations of reddish siliceous deposits which make up a thickness of 
several hundred feet, and affording in their contained organic remains 
ample evidence of their Carboniferous age. The lower ledges are here 
arranged in courses interbedded with shaly layers, and underlaid by softer 
reddish deposits which intervene between the upper limestones and the 
underlying magnesian limestone. Above, the limestones become thicker, 
with siliceous interpolations, and often stained a pale red. Of these 
Carboniferous beds there is probably exposed in the ridge of Station 
XXXII a vertical thickness of 500 to 800 feet. In the summit these 
beds dip 20° northwest; in the northwest spur their inclination slackens, 
and toward the head of the before-mentioned lateral gulch the same 
ledges are seen to dip N. 50° E., at an angle of 25°, The facts above 


414 REPORT UNITED STATES GEOLOGICAL SURVEY. 


alluded to are incorporated in the diagram of the section across the north 
end of the range given in an accompanying plate. Pre, 

Station XX XII attains an altitude of 9,749 feet above the sea. The. 
view from the summit, looking north and west, takes in the great volcanic 
watershed and the plain north of Pierre’s Basin, the nearer slopes clothed 
in dense forests of pine and the higher mountain flats dotted with beau- 
tiful clumps of dwarfed spruces. To the east the view is shut out by 
higher ridges, in which appear long lines of strata probably referable 
to the Silurian, but here and there through the depressions appears the 
crest of tlie peculiarly weathered Archean ridge, which is seen to pass 
northward much diminished in height and finally disappears. It was 
not certainly ascertained whether this latter ridge was denuded of its 
superincumbent sedimentary mantle prior to the flow of volcanic mate- 
rial or not, but such appears to be the case. But to the west the sedi- 
mentaries again intervene, as also to the east, in which latter quarter 
Professor Bradley found several hundred feet of limestone, representing 
the Lower Silurian to the Carboniferous, reclining on the Archzean nucleus 
of the range, and in turn overlaid by the volcanics. Hence there can be 
no question that at one time the sedimentaries folded around the north- 
ern extremity of the range, but subsequent denudation effected their 
removal down to a level which came within the reach of the great vol- 
canic inundation, which at a comparatively modern date submerged so 
_ large an extent of the mountain border. Almost due north of Station 

XXXII, overlooking a small area of Carboniferous plateau in the fore- 
ground, beyond a deep gorge whose waters flow out into the Upper 
Snake Valley, the last elevation in this direction exhibits what appears 
to be a rather sudden upheaval of the strata, which in places apparently 
stand almost vertical, but with a general westerly inclination. Within 
less than a mile to the eastward the Archean ridge passes behind a 
nearer ridge, and it seems highly probable that the flexure above men- 
tioned is in some way intimately connected with the presence of this 
continuation of the metamorphic axis of the main range. It became a 
subject of frequent observation, as our work extended into the middle 
and southern portions of the range, that the sedimentaries often reached 
to within a mile and less of those points where the crystalline nucleus of 
the range had reached the maximum of upheaval, and this without 
greatly disturbing the sedimentaries; while at other localities, where 
there was not apparent cause, indeed where the Archean rocks do not 
even show themselves, evidences of some of the most remarkable dis- 
turbances were encountered, showing the unequal action of the elevatory 
forces, especially at the extremities of the great uplift in which origi- 
nated the range. That the above fold belongs to one of the latter 
exhibitions there can be little doubt; and hence the unprofitableness 
of the endeavor, with the limited time at our disposal, to trace the fold 
southward to any distance, where the elevatory forces seem to have been 
far more uniformly distributed, as evidenced at numerous points where 
we succeeded in extending our sections across the range, and where the 
minor inequalities in the sedimentaries are altogether subordinate to 
the great displacement. 

The outline sketch from Station XX XII exhibits the relations of the 
sedimentaries to the metamorphiecs in this northern portion of the range, 
where the former constitute the highest elevation, 10,300 to 10,500 feet. 
A little west of south rises the rugged spur which defines the northern 
border of the wide Archean area, on the western flank of which rise up 
the volcanics, as shown in section B of the accompanying plate of sec- 
tions across the Téton Range. Almost in line with the western promon- 
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tory of this spur and some 8 miles south, or 13 miles south of Station 
XXXII, in a high ridge on which Station XX XV was located, the sedi- 
mentaries again appear high up on the western flank of the range, defin- 
ing the southern limits of the Archean area, and breaking down into a 
magnificent amphitheatre based upon the rapidly rising metamorphic 
floor which culminates in the great axial ridge along the eastern bor- 
der of the range. The section here revealed is reproduced in section 
C. It shows a great foreland rising up from the level of Pierre’s Basin 
with gradually steepening acclivity, its foot bathed in the volcanics, 
porphyritie trachytes, to an elevation of 800 feet above the edge of the 
basin and terminating in successive lines of cliffs and steep taluses of 
débris facing the east. The ascent is over grayish-blue, spar-seamed, 
cherty limestone, containing abundance of characteristic Carboniferous 
fossils, the strata inclined at angles of 10° to 20°, W. 25° to 35° N. 
The descent of the slope is in places so much more considerable than 
the inclination of the strata that the latter are often carved into great 
bosses, or gently tilted tables, surmounting the western mountain flank. 

It is very difficult, if not impossible, to obtain a perfect section of these 
Carboniferous deposits. Even in the abrupt east face, in which the ledges 
show thin edges, the exposure consists of mural walls of limestone, 
separated by steep débris slopes, arranged in alternating order to a depth 
which probably includes a thickness of 800 feet of strata overlying the 
heavy-bedded buff magnesian limestones of the Niagara epoch. Whether 
these débris slopes indicate the position of clay and shaly layers, or the 
mural ledges only show firmer limestone beds, alternating with more 
fragmentary and easily degraded strata, was not ascertained ; it is, how- 
ever, probably attributable to both conditions, the more compact beds al- 
ternating with both clay and fragmentary limestone deposits. Rising to 
view from beneath the Carboniferous, the Niagara buff magnesian lime- 
stone extends eastward into the Alpine basin like a gigantic pier, often re- 
vealing in mural exposures 200 to 300 feet, the base of the cliffs buried in 
ledge, which is easily recognized by its uniform escarpments, and the 
débris which conceals the total thickness of the formation. This great 
castellated forms into which its crest weathers, is in turn succeeded by 
the thinner-bedded, rough, dark drab limestones of the Quebec Group, 
which rest upon rusty reddish quartzites partially flooring the amphi- 
theatres. Of the Quebec limestones there is seen a thickness of perhaps 
300 to 400 feet, the underlying sandstones and quartzites showing about 
200 feet more. 

Looking northward from Station XX XV, the sedimentaries soon cease, 
and with them the extreme ruggedness of the surface, which is moulded 
in the Archean, which sweeps up in grand, massive ridges, in which the 
streams: have worn comparatively shallow channels. While there is 
unmistakable evidence here of an excess of upheaval of the Archean 
nucleus of the range, by which the sedimentaries were crowded farther 
to the westward in the region intervening between Leigh’s Creek and 
the North Fork of Pierre’s River, the present surface contours are due 
to the extensive denudation to which this part of the range has been 
subjected antecedent to the flow of volcanic matter which here rests on 
the metamorphies, and which has also undergone extensive erosion within 
comparatively modern times. The voleanics, represented by the ancient 
porphyritic trachytes which appear in rough, vesicular, rusty ledges 
and light drab and pink trachytie beds, are traced in more or less well 
defined benches, which reach an actual altitude of 7,400 feet between 
Bear Creek and West Téton River, where they gently incline toward the 
basin. In the debouchure of the latter stream these deposits have been 
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extensively removed, showing that the valley was probably excavated 
subsequent to the flow, as there was observed no evidence of the volcanic . 
flow having filled an ancient valley-depression. On the contrary, these 
deposits may be seen rising in the sides of the present valley, gradually 
climbing to higher elevations until they reach the above-mentioned alti- 
tude, when they cease. It is, however, quite probable that the West 
Téton Valley was marked out at a time long anterior to the epoch of 
volcanic eruption, but, as is the case with all the streams on this side of 
the range, the channel was as yet much less profoundly excavated and 
opened out in a broad shallow recess facing the basin. 

A remarkable feature of the range is its uniformity of outline, and 
when it is observed that this uniformity holds no relation to the compar- 
ative development and position of the rocky materials out of which it 
was sculptured, it is difficult to conceive by what laws the erosive forces 
were so evenly distributed as to produce the result embodied in this 
almost rectangular mountain block, in one part entirely made up of met- 
amorphic materials, in others largely moulded in sedimentary deposits; 
but the denuding forces have reduced the base to the even line traced 
by the present western foot of the range, as though it had not to deal 
with so diverse petrographical elements. The North Fork and Leigh’s 
Creek drainage have constituted the principal channels through which 
this immense quantity of detrital material was transported and piled up 
in a wide-spreading accumulation of tailings, to which is doubtless due 
the low upland that dammed Pierre’s Basin, and along which the North 
Fork flowed, as upon a mole, and which was subsequently involved in 
the voleanic flows which covered alike all the lower portions of the 
country. There is scarcely room to doubt that this Archean area was 
the theatre of extensive glacial action; but, unfortunately, time did not 
permit sufficiently close examination to determine its character and 
extent. 

The West Téton River has excavated the largest valley and cation 
found on the west side of the range. The lower portion occupies a fine 
valley halfa mile to one milein width, and for the most partit is filled with 
level terraces of drift materials, clothed with herbage and margined along 
the swift-flowing stream by beautiful groves of pine and spruce. Five 
miles above the debouchure the stream branches, and thence their courses 
are limited within narrow bounds, until they open out into the Alpine 
basins which occupy so considerable areas in the heart of the range. 
Entering the valley from the gentle sloping plain of Pierre’s Basin, its 
debouchure is partially filled with a low morain-like accumulation of 
loose materials and fine soil, which is hollowed into wave-like imequali- 
ties somewhat parallel with the foreland foot, and covered with clumps 
of aspen. Within the valley huge blocks of limestone and granite bowl- 
ders are strewn over the prairie surface and pave the adjacent acelivities, 
erratics tumbled from the neighboring heights or transported by glacial 
agencies from the interior portion of the mountains. One of the former, 
a huge block of Niagara limestone above 5,000 feet cubic contents, rests 
upon the terrace level a mile or so within the valley, whose transporta- 
tion from the nearest ledges of its kind could hardly have been effected 
by other than glacial means. The volcanics show in rusty and brick-red 
outcrops in the north side a couple of miles within the entrance, where 
they hold a position several hundred feet above the valley-floor. ‘There 
appear the Carboniferous limestones, which are soon upraised sufficiently 
to bring to view the Niagara dolomitic limestones. The latter thence 
form a line of picturesque castellated cliffs, gradually mounting and reach- 
ing to the forks of the stream, in the vicinity of which they sweep round 


PloteXXXTV. 


ANGE 


= 


ETON R 


ZL Sarvey. 


ca 


= 
= 
co 
a 
7a) 
S 
= 
x 
wn 
2, 
i) 
7 
= 
m 
wm 


"S Geolog 


t 


EY. 


10. QUATERNA 
9. VOLCANIC, 
8. TERTIARY. 
7. JURASSLC. 
6. TRIASSIC. 


U. SILURIAN. 


3 


3. L SIZVRIAN. 


2. QUART£ZITE. 
1. ARCHEAN. 


A. 


ro,avo" 
4, 


Prverers 


Sta.XXAll. 


Fore land- 


Wn.8 6 am 266 


“| US Its aid 


1005 6 
“MSI 


M® Haroan. 


E 


STAAXKYVI/. 


SOL 
* 


AIT 


JS @reorventre 
Buttes. 


yaynug 


Sta. AANA 


eve 


ST. JOHN.] TETON RANGE. 417 


to right and left, forming a prominent course in the walls of the amphi- 
theatres into which this part of the range has been sculptured. A frag- 
ment of the Niagara still crowns the crest of the huge ridge between the 
upper main forks of the stream. About midway of the valley-course of 
the stream, the Quebec limestones appear to view from beneath the Niag- 
ara, and gradually rising to the east, at the upper end of the valley they 
show in two fine escarpments separated by a band of steep talus over an 
interdeposit of blue clay and shales, the whole making up a thickness of 200 
to 400 feet. A similar talus slope constitutes the demarkation between the 
upper ledge of the Quebec and the Niagara. The slope below the Que- 
bee is broken here and there by outcropping ledges of white sandstone 
and quartzite conglomerate, probably interstratified with softer deposits 
above, which make up the lower 200 feet of the sedimentary deposits. 
The quartzites rest upon the unconformable Archean, which latter sinks _ 
beneath the valley level a short distance below the mouth of Jackson’s 
Cation. The Quebec limestones and underlying quartzites mount high 
on the ridge intervening between Jackson’s Caiion and the Téton Caiion, 
and suddenly terminate in the cap of the Pulpit, which immediately over- 
looks the head of the grand cafion of East Téton Creek. Beyond this 
the Archean rises up into the culminating peaks of the range, occupying 
a belt about five miles in width extending to the eastern foot of the 
range. 

At the forks of the West Téton Valley the Carboniferous limestones have 
reached a relative elevation of 2,600 feet, where, in the heights in the south 
angle, 1,000 to 1,500 feet of the inferior portion of the series are seen in 
successive ledges and hidden bands, underlaid by the Niagara, Quebec, 
and quartzite, which here exhibit one of their finest exposures. It was 
in this vicinity Professor Bradley prosecuted his examinations, an inter- 
esting account of which is incorporated in the report for 1872. At that 
time Professor Bradley inferred from their relative position, and partly 
on account of lithological resemblances, the Niagara age of the buti-gray 
magnesian limestone, which presents one of the most prominent features 
in the magnificent exposure of this locality. As previously mentioned, 
it was our fortune to confirm this identification by paleontological evi- 
dence found in connection with this horizon in the northern part of the 
range. In 1872, Professor Bradley obtained from the inferior drab thin- 
bedded limestones a few fragments of trilobites, representing species of 
the genera Conocoryphe and Dicellocephalus, from which he was able to 
establish the Quebec age of these lower limestones. He found the Que- 
bee underlaid by compact and shaly glauconitic sandstones, which in turn 
rest upon a bed of ferruginous quartzite, 50 to 75 feet, the whole estimated. 
at about 350 feet locally, and which were respectively compared to the 
Knox sandstones of Tennessee and the widely distributed Potsdam. In 
the lack of facts in the least controverting Professor Bradley’s determi- 
nations of the stratigraphic equivalents of the above formations, the 
names which he applied to them have been accepted, only habitually re- 
ferring to the arenaceous inferior deposits, both sandstones and quart- 
zites, under the term Potsdam, or simply quartzite. During the brief 
time we spent in the vicinity, the lower or Quebec limestones were found 
to form two distinct horizons, separated by a deposit of blue clay and 
shaly layers, the upper bed the thickest, and together making a thickness 
of 200 to 400 feet. 

A section in the south side of the West Téton Valley to the forks, thence 
passing over the partially Quebec-capped ridge between the north branch 
and Jackson’s Cation to the Pulpit, and thence by Mount Hayden to the 
eastern foot of the range, along a nearly east-west line, is shown in the 
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accompanying plate, Section D. This profile exhibits approximately the 
relative position and present distribution of the sedimentaries in this part 
of the range. 

South of the West Téton Valley, a huge tilted block of the sedimenta- 
ries, four to five miles in breadth, constitutes the west flank of the moun- 
tain between that stream and Goodfellow’s Creek, on the southeast angle 
of which Station XXXVI was established. The eastern face of this 
ridge is wrought into amphitheatres and colossal pier-heads, on the one 
hand extending out into the granite-floored Alpine Basin in which West 
Téton Creek rises, and on the other the smaller basin at the head of 
Goodfellow’s Creek, which is also based on the light-colored granite, from 
which rise ridges capped by remnants of the more ancient sedimentaries. 
The latter basin is bounded on the south by a line of steep acclivities 
with precipitous coping of Silurian limestone, which culminates. in a lofty 
isolated mountain, having the semblance of a huge architectural pile, 
nearly 11,000 feet in actual altitude, to the southeast and east of which 
the axial ‘crest of the range swings round in broad-topped summits bear- 
ing characteristic remnants of the c quartziteand Quebec. The section here 
displayed is very like that previously described, as a comparison of See- 
tions D and E will render apparent. The latter section is also carried 
across the range along a nearly east-west line. 

The voleanics reach an elevation of between 500 and 800 feet along 
the west foot of the mountain, and at about 1,000 feet are succeeded by 
ledges of buff-red hard sandstone. The latter continues to hold its place 
in the wooded ascent, whose inclination apparently closely corresponds 
to, as it is determined by, the dip of the sandstone pavement to a point 
about four and a half miles from the edge of Pierre’s Basin, where they 
terminate in a range of steep bluffs which define the west side of lateral 
gulches draining into the West Téton. In the higher parts of this bench 
a section of 300 to 500 feet vertical thickness is more or less well exposed, 
the upper portion of which shows a handsome, even-bedded, reddish- 
buff, laminated sandstone, which forms a heavy bed, including a thick 
stratum of intensely hard, rough, rusty-gray rock resembling burr-stone, 
which in places forms the coping. This bed is underlaid by an equal or 
greater thickness of red and chocolate-brown indurated arenaceous shales, 
interbedded with light-drab, sometimes nodular, shaly, non-fossiliferous 
limestone and deep-red laminated sandstone, making up the lower third 
of the bluff exposure. The above deposits rest conformably upon bluish- 
gray and drab limestone, containing a small Zaphrentoid coral and an 
obscure Spirifer, and which forms the top of the Carboniferous limestone 
series; dip, 10° to 15°, northwestward. 

The saddle connecting the above bluff with the ridge of Station 
XXXVII, a mile to the east, is paved with the limestones, of which 
about 500 feet are exposed in the abrupt declivity in which the eastern 
face of this ridge breaks down. In the summit at Station XX XVII the 
upper layers of dark-drab limestone dip at angles of 15° to 20° westward, 
and is underlaid by gray and buff cherty limestone with calcite, and 
containing a Lithostrotion (L. Whitneyi ?) and aform of S yringopora. This 
ridge is blocked out of the Carboniferous limestones, and the narrow 
eulch which separates it from the next west-lying sandstone ridge is 
floored with large exposed surfaces of the rock, which are here and there 
obstructed with sink-holes, and on the lower. side pretty little lakelets 
are hollowed out of the soft red deposit at the foot of the bluff. When 
the rapidly-descending gulches reach the horizon of the heavy-bedded 
Niagara, their beds are precipitated several hundred feet down steep 
Slopes, which, earlier in the season, when the streams are full from the 
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melting of the snow-drifts, must present many wild, picturesque cas- 
cades. 

The east face of Station XX XVII ridge drops down in precipitous 
slopes over the Carboniferous beds to the buff heavy-bedded magnesian 
limestone of the Niagara, which here occurs in characteristic escarp- 
ments, its foot often buried in débris. Beneath the latter successively 
appear ledges of the dark thin-bedded Quebec limestone, underlaid by 
rusty yellow and red deposits pertaining to the quartzite horizon, which 
mount higher and higher as they advance towards the summit of the 
range, where they crown massive Archean heights with low parapets and 
débris caps. The view from this point is very grand and instructive, 
opening as it does something like adequate conception of the slow-operat- 
ing forces which have reduced the great uplift to its present diverse 
aspects. ‘To the north we always overlooked a field in which the Archean 
rocks form a prominent element; but in this quarter we are able to form 
a more just conception of the agencies by which those more finished re- 
sults were attained, and a measure of the progress of these forces in the 
degradation of the immense superficial covering of sedimentary rocks 
which originally roofed the whole range alike. While to the north of 
West Téton Creek the crystalline rocks cover broad areas of the crest and 
flanks of the range, where not only the mantle of sedimentary deposits 
has been swept away to the last vestige, but the crystalline core has been 
deeply eaten away; here the granites outcrop in circumscribed basin- 
areas, which retain almost the original contour of the surface upon which 
the once continuous sedimentaries rested, while the latter, indeed, occur 
everywhere; here in isolated islands, there in gigantic outlying masses 
which hitch on to the great escarpment of the western foreland, by a 
system of rugged connecting ridges whose distruction is hardly half con- 
summated. ‘There can be no doubt that the northern portion of the range 
has been subjected to much greater denudation than the southern portion; 
but whether this indicates the greater time period during which these 
forces have operated in the one quarter, or a less violent manifestation 
of their action in the other, we shall endeavor presently to determine. 

The maximum elevation of the range probably culminated in the 
vicinity of Mount Moran. It is reasonable to suppose that in this part 
of the uplift the more fragmentary sedimentary covering was subjected 
to greatest tension and consequent fracturing, by which these rocks 
were here broken up, yielding more readily to the denuding agencies 
than would be the case in less disturbed and lower portions of the range. 
Hence, it is apparent that the area of greatest denudation corresponds 
to that of greatest elevation; and that, if the degrading agencies con- 
cerned in the work of demolition have operated the same period in all 
parts of the range, their work progressed with greater rapidity in those 
portions where the rocks were most fissured and accessible to the ele- 
ments combined in their destruction and transportation to the lowlands. 
It is, to say the least, premature, in the present state of knowledge, to 
discuss the forms in which the denuding forces were embodied which 
carved mountains out of the sedimentary strata and planed down the 
granitic nucleus. To what extent ice, in the form of glaciers, has acted 
in this work we have only a few and far too insufficient data upon which 
to build more than a conjecture, while, on the other hand, the ordinary 
atmospheric effects of freezing and thawing, and water erosion and the 
work of streams, are visible on every hand, the same to-day as in ages 
past. There can be little doubt that special research in these mountains 
will yet bring to light abundance of glacial phenom2na; but whether to 
this source alone are to be attributed the origin of the wonderfully diverse 


420 REPORT UNITED STATES GEOLOGICAL SURVEY. 


erosive phenomena here encountered, the fashioning of the Alpine basins 
and the cutting of the caiions through which their gathered waters flow 
to the plain, may well be questioned. 

To the south still, a similar but much norrower tilted table lies be- 
tween the caions of Goodfellow’s and Fox Creeks, the geological features 
of which are a repetition of what has already been described. On the 
southeasternmost angle of this great upraised block of sedimentary rocks 
Station XXX VIII was established, four miles south-southwest of the 
preceding topographic station. This point commands, on the northeast, 
a circumscribed basin at the head of a branch of Goodfellow’s Creek, 
which is quite surrounded by the sedimentaries, which form a broken 
rim of variable height, sustained by accumulations of débris which slope 
steeply to the bared and glaciated white granitic floor. The western 
rim sweeps up into the abrupt acclivities capped by several hundred 
feet thickness of the Carboniferous limestones; to the right and leit 
great arms are extended eastward and united in a lofty summit nearly 
11,000 feet in height, which inclose the basin within a wall of Lower 
Silurian deposits. 

Fox Creek opens out into a similar basin to the southeast of Station 
XXXVIII, which, however, is mainly floored by the quartzite, with 
remnants of the Quebec limestones standing as isolated buttes and 
tables which reach quite across to the eastern summit verge of the 
range, the main channel of the stream only apparently hemmed in by 
steep Archean acclivities. 

The immediate crest of Station XX XVIII ridge is formed of the 
Carboniferous limestones, which afford the usual organic evidence of 
their age. These are immediately overlaid by a series of deep red 
arenaceous shales and sandstones, holding interpolated beds of nodular 
and fragmentary drab and chocolate-stained limestone, capped by a 
heavy deposit of buff and pale red even-bedded sandstone and the 
burr-stone ledge, which constitute the roof of the great foreland de- 
scending into Pierre’s Basin. The relative position of the strata here 
mentioned is shown in section E, which is carried across the range 
through Station XX XVIII along an east-west line. 

To the south and southeast of Station XX XVIII the summit of the 
range presents a marked change in its geologic and concomitant topo- 
graphic features. It exhibits a wilderness of huge sedimentary ridges, 
piled one above another, advancing towards the east, where they are sud- 
denly broken down in long lines of steep and, in places, precipitous slopes, 
with here and there a headland, like gigantie breakers transformed into 
stone. The range is thence enveloped in these rocky surges, which finally 
lap completely over the crest and eastern flank in the vicinity of the 
southern extremity of the range, hiding from view the nucleus of Archean 
rocks. From the remnants or isolated exposures of the Paleozoic series 
in Jackson’s Basin, on the east side of the range, we infer, with some 
degree of confidence, the colossal proportions of the rocky billows that 
once spanned the southern half of the great uplift out of which the Teton 
Range was carved, and in comparison with which those folds which re- 
main visible to this day are mere undulations. It is greatly to be re- 
gretted that opportunity was lacking to penetrate to the summit of the 
range in the portion intervening between Station XX XVIII and the 
high point at the extreme south end, which was selected for the final 
topographic Station, XLII. Consequently, we are left somewhat in 
doubt regarding the special expression, so to speak, of the disturbances 
which here transpired, and the records of which are to be sought in 
something more than hastily-executed examinations. Therefore, in giv-. 


PLATE XXXVI. 


WE. (mag.) 


south Teton , 


ae y 


odfellows Creek, from Station 


KVM ridge. 


E.tmag) S.mag) 
* 


Téton Mountains: From Station XXAXVM ridge no 
a Archean. b.Quartzite. c.Quebec. @.Niagara. e.Curboniferous. ft, Carb.red sandstone, etc- 


eeeey -- PETON RANGE. | 421 


ing the final transverse section of the range, section G, the facts observed, 
re in the preceding diagrams, are readily distinguishable from the in- 
erred. 

The western flank of this portion of the range is apparently precisely 
similar to what obtains in the blocks between Fox Creek and the West 
Téton Valley—a great foreland covered by the sandstone and red arena- 
ceous deposits, which here constitute the uppermost member of the Carbon- 
iferous. But while this block terminates in precipitous declivities facing 
the east, itis here succeeded by loftier and almost equally massive ridges, 
which appear to rise up from beneath the foreland block in a succession, 
of great billows with which this portion of the range is furrowed. It is” 
also rendered apparent that these ridges are stratigraphically alike; that 
is, they are all composed of the same series of strata, which were once 
spread out in horizontal layers on the bottom of the sea, and to account 
for their present position, fortunately, we are not wholly without evi- 
dence that furnishes aclue. Asseen from the Lower Gros Ventre Buttes 
in Jackson’s Valley, the east wall of the range rises rapidly over 1,000 
to 2,000 feet of Archean ledges, which are capped by more than as great 
again thickness of sedimentary formations. The latter, at one point, a 
little south of west of the confluence of the Gros Ventre with the Snake 
River, are projected in a sharp-crested, bastion-like ridge a distance be- 
yond the lofty axial summit, and where they plainly exhibit one of the 
sharp subordinate undulations into which the great primary fold of the 
range was corrugated. The western flank of a similar, if not identical, 
secondary fold is preserved in the outlying hill in the north angle of the 
debouchure of East Pass Creek, afew miles south of the above-mentioned 
exposure, in which the Carboniferous limestones are seen dipping gently 
into the range, or W. 35° N. at an angle of 14°. The same beds again 
appear in the Lower Gros Ventre Buttes, where they were observed by 
Professor Bradley, in nearly horizontal position. 

Ascending East Pass Creek, which flows through a wild, thickly- 
wooded ravine, no ledges in situ are met with adjacent to the trail until 
approaching the summit of the pass, where we encounter the upper sili- 
cious horizons of the Carboniferous. About midway, large masses of 
buff, rough-weathered, magnesian limestone, more or less abraded, ap- 
pear in the steep slopes, indicating the presence of the Niagara beds in 
the depression between the outlying hill and the main mountain. And 
higher up, perhaps a couple of miles from the summit, quantities of 
abraded boulders of gneiss, schists, and other Archzan rocks are met 
with, which doubtless were brought down by the streams which pene- 
trate the range to the north. 

On descending West Pass Creek, a mile or so west of the summit and 
but little lower in elevation, the trail crosses a spur ridge in which is ex- 
posed a considerable thickness of deep red, even-bedded sandstone and 
sandy shales, dipping at an angle of about 45° southward, and which 
probably represent the “red beds” of the Trias. These deposits con- 
tinue for a distance of several iniles ; even where the ledges are unex- 
posed their position is marked by the luxuriance of herbaceous growth 
so characteristic of the slopes underlaid by or composed of the débris 
derived from these deposits, as observed at many other and distant local- 
ities in this region. Between three and four miles below the summit the 
main valley receives on the right a deep gulch which heads between 
Station XLII and its higher neighbor to the northwest. In the lower 
angle of this gulch the steep mountain side is plated with heavy ledges 
of Carboniferous limestone dipping steeply to the southwest, but gradu- 
ally slackening in inclination as they rise higher in the mountain. The 
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valley here shows much limestone débris, among which oceur heavy mass- 

es of gray siliceous rock which have tumbled from ledges above. The 

latter also probably pertains to the Carboniferous, representing the up- 
per siliceous horizon. 

Just below the last-mentioned locality the valley widens, giving room 
for the narrow intervale which continues thence to the debouchure into 
Pierre’s Basin, its surface willow-grown and the little brook converted 
into a chain of pools by beaver-dams. Again the “red beds” set in, 
overlaid by drab shales and shaly and compact drab, spar-seamed. lime- 
stone, with obscure exposures of brown-weathered limestone, which bear 
tnmistakable resemblance, lithologically, to the Jurassic deposits else- 
where encountered in the district. These arein turn succeeded by softish 
gray thin-bedded sandstones, exposed in low débris-covered slopes two or 
three miles within the mouth of the valley, below which the vesicular dark- 
brown porphyritic and drab and pink trachyte voleanics reappear, ex- 
tending thence out into the borders of Pierre’s Basin. The water-worn 
débris so plentifully cecurring in the valley is composed of red sand- 
stone and gray siliceous and drab limestone bowlders, the absence of 
Archean erratics being a notable fact and showing that none of the 
-water-courses at the southwest extremity of the range have eroded their 
beds to the crystalline basis upon which the sedimentary formations 
rest. This is an extremely interesting little valley, abounding in pictur- 
esque scenery; on the one hand, the steep rocky acclivities which rise 
into the dominating peak at the extreme south end of the range, deep 
gorges opening short vistas into the mountain, their beds a chaos of 
tumbled rocks; on the other, lower and more gentle ridges, densely 
wooded with beautiful forests of pine and spruce, rise, rank upon rank, 
into the broken mountain region included in the great bend of Snake 
River. 

It is quite apparent that for at least a few miles north of West Pass 
Creek, the foot-hills along the west flank of the Téton Range are made 
up of the Triassic ‘‘red beds” and Jurassic deposits overlaid by a rem- 
nant of the peculiar soft gray sandstones which have elsewhere been 
provisionally referred to the Laramie Group. But these are soon re- 
placed by the siliceous beds and limestones of the Carboniferous period, 
which rise up into the Twin Mountains at the extreme south end of the 
range, on the easternmost of which Station XLIII was located at an 
actual altitude of 10,193 feet, or 1,663 feet above the summit of the pass, 
a tile to the south. The southern declivity of the latter eminence is 
heavily mailed with Carboniferous limestone more or less cherty and 
spar-seamed, which dips 47° 8., 4092 W. ‘The foot of the slope in the im- 
mediate vicinity of the saddle is made up of the buff siliceous deposits 
whose débris strews the surface, while on the summit of Station XLIII 
lower limestone horizons are reached, charged with Zaphrentis and large 
masses of Lithostrotion, Spirifer, several species of Productus, and a 
small Athyris. These summit strata show a variable degree and direc- 
tion of inclination, ranging from 5° to 25°, W. 25° to 60° N., the beds 
actually folding partially around the mountain from a northwest to a 
southerly direction. The same is also observed in the higher mountain 
twoand a half miles to the northwest, whose escarped southeast face shows 
the strata nearly level along the northeast and southwest line of strike, 
while on the southern flank they pitch down rapidly into West Pass 
Creek Cafion. It seems highly probable, also, that the saddle between 
these mountains occupies the position of a synclinal of one of the sec- 
ondary folds with which this portion of the range was wrinkled. 

A section in the ridge of Station XLIII, presents very nearly the 
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- same stratigraphic features as noted previously in the vicinity of Stations 
~~ XXXVIiland XXXVII tothe north. The summit drab limestones are 
- overlaid, in the crest of the ridge a short distance northwest of the 
summit, by a thickness of 150 to 200 feet of strata, which show the fol- 
lowing order of arrangement ; 


Section in crest of Station XLIIT ridge. 


a. Hard, pinkish gray, laminated sandstone, 50 to 75 feet exposed. 

b. Blue and gray limestone, with crinoidal remains; dip W. 35° N., 
angle 23°. 

ce. Reddish chocolate, fragmentary limestone, Spirifer and comminuted 
fossil remains; thin bed. 

d. Red shale and shaly sandstone, with dark flint flakes.. 

e. Rough, cherty, gray limestones; thin bed. 

J. Laminated, gray-buff, reddish stained sandstone, forming a heavy 
bed capping the ridge at one point. 

g. Drab-blue limestones ; thin bed. 

h. Red shales and sandstone. 

i. Drab-gray limestones, exposed 400 feet and more in steep slopes 
descending into amphitheatre. 


The above ledges veer round in the crest of the ridge defining the 
amphitheatre which opens out to the east, the uppermost sandstone ap- 
pearing in the slope descending to the saddle connecting this ridge with 
the higher mountain to the west. In the summit of the latter is plainly 
seen a remnant capping of dull reddish beds, which may possibly prove 
to be identical wlth the red arenaceous horizon above described, rather 
than referable to the base of the Trias “red beds.” The southeastern 
face of this mountain shows a fine exhibition of the Carboniferous lime- 
stone ledges, 800 feet or more in thickness, and which, as before stated, 
curve round from the northwest to the south where they abruptly dip in 
the steep slopes bordering West Pass Creek. The accompanying sketch 
conveys at a glance the relative position of the strata in the latter moun- 
tain, as seen from the south flank of Station XLIII, the difference in 
altitude of the two mountains being about 220 feet. 

Looking northward from Station XLII, the eye takes in at a glance 
the great sedimentary ridges which here span the range, terminating in 
the chain of lofty summits which crown the eastern barrier, which ab- 
ruptly descends into Jackson’s Basin. The western foreland here, as 
farther northward, terminates in ridges whose eastern face falls away in 
a Succession of escarpments and steep slopes into amphitheatres in which 
the west-flowing streams take their rise. But in this section the amphi- 
theatres are much restricted, and the drainage channels are caiioned in 
the sedimentary deposits, rarely, indeed, cutting their beds through to 
the Archean basis, which only appears in force in the mountain wall 
rising from Jackson’s Basin. While in the north the continuity of the 
sedimentary beds may be traced for miles in the foreland escarpments 
and in the great pier-like ridges separating the Alpine basins, in the 
latter region these same deposits are thrown into an assemblage of 
rugged ridges and mountain blocks which almost defy the recognition of 
the various formations from any one point of view over so extensive 
and broken a field. This is mainly due to the fact that these deposits 
are much disturbed by minor and more or less local undulations, which, 
in comparatively short distances, cause the same beds to appear at very 
different relative levels, while the repetition of similar lithological condi- 
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tions greatly perplexes and confuses the study and identification of syn- 
chronous strata in the various parts of the field in view. 

About midway between the southern end of the range and Station. 
XXXVIII, or some five miles north of Station XLIII, the Carbonifer- 
ous first reaches the eastern front of the range. It here caps the cliffs 
of Niagara limestone, in the heights about northwest of the Lower Gros 
Ventre Buttes, where the latter is in turn underlaid by the low escarped 
Quebec ledges, from beneath which the rusty and yellow deposits of the 
quartzite horizon also appear, gradually sinking to the south, until all 
disappear, save the Carboniferous which forms the foot-hills in the im- 
mediate vicinity of East Pass Creek. } 

In further explanation of the geological structure of the Téton Range, 
attention is directed to the longitudinal and transverse sections given in 
an accompanying plate, which convey a tolerably accurate view of the 
profile of the range along the lines of the sections. The drainage map, 
reduced from the topographic sheets, exhibits the general distribution of 
the geological formations so far as it was possible to make them out in the 
course of a necessarily brief visit. 


SNAKE RIVER RANGE. 


Under the general term Snake River Range is included the belt of 
highlands to the west and south of the Téton Range, which has a gen- 
eral northwest and southeast course of about sixty miles within this 
district, ranging from twelve to twenty miles in breadth. Towards the 
southern border of the district the Snake River has forced a narrow 
passage through the range, which is known as the Grand Caton, where 
for a distance of about twenty-five miles the stream is confined between 
mountain walls, with little or no intervale room. In the vicinity of the 
Grand Cation the highland belt occupies the whole area between the upper 
and lower course of the Snake, and where it reaches its greatest breadth. 
On the northeast it impinges against the south extremity of the Téton 
Range, and thence northwesterly it gradually narrows and finally mer- 
ges into the voleanic upland south of the western course of Pierre’s River. 

The Snake River Expedition of 1872 further distinguished this moun- 
tain belt by local appellations, which, if not absolutely of topographical 
importance, may be accepted for the convenience of descriptive purposes. 
To the north the range culminates in a series of peaks and high ridges, 
the highest of which attain an absolute altitude of 10,000 to 10,420 feet, 
to which the name Pierre’s Mountains has been given. About fifteen 
miles from the northern extremity of the range, it is traversed by a low 
sag, which opens an easy passage across from Pierre’s Basin to the lower 
valley of the Snake, the southwestern flank opening into an extensive 
rugged basin area which drains out into the Snake but afew miles above 
its debouchure into the great plains. To the south of this low pass lies 
an equally if not more rugged low mountain region, which fills the great 
bend of the Snake and passes southward into the adjacent district, finally 
dying out in the watershed between the Green and Bear River Basins. 
That portion of the latter section of the range nearest the southern end 
of the Téton Range has received the name Téton Pass Mountains, and 
which may be understood to embrace a narrow mountain belt extending 
from the head of Pierre’s Basin in the vicinity of the Low Pass, south- 
westerly to the Upper Snake, in the region of the foot of Jackson’s Basin, 
or above twenty miles in length. The highest eminences in this latter 
mountain-belt do no exceed 9,500 feet, but to the south the highlands 
culminate in more lofty summits, whose isolation rather than actual alti- 
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tude renders them conspicuous landmarks, notably so in the instance of 
the almost perfect cone of Mount Baird, which rises in the heart of the 
broken region in the great bend of the Snake. 

That portion of the range to the north of the Grand Caton closely 
follows the valley course of Snake River, where, as seen from the west 
bank of the river, it presents an exceedingly rugged and imposing mount- 
ain wall, cleft by the narrow valleys which give exit to the interior 
drainage. To the south of the Grand Caiion, as far as could be seen, it 
is continued i in an almost equally formidable barrier, which is traversed 
by the defile of John Day’s River in nearly the direction of the trend of 
the range. Between the latter stream and Salt River, farther south, 
lower ridges intervene, which Dr. Peale found to be made up in part of 
Mesozoic strata. The main barrier fronting the lower valley of the Snake, 
according to Professor Bradley, is mainly if not entirely composed of 
Carboniferous deposits, and, judging from the resemblance of the harder 
ledges in the lower or northern extension of this western front, the same 
formation would appear to constitute the bulk of the mountain wall 
throughout. Even from the distant view with which we were compelled 
to content ourselves, it was evident that this front ridge partakes in 
some measure of the excessive disturbance which was found to charac- 
terize the eastern portion in the regions of the Pierre’s and Téton Pass 
Mountains, the strata in places rising in the steep slopes like a rocky 
mail, elsewhere showi ing their edges “dippin g away from the valley or 
northeast ; their foot, from a point about half way between the debou- 
chure of the Snake and the lower entrance of the Grand Caton, being 
enveloped in the volcanic deposits which reach up the valley from the 
plain. 

PIERRE’S MOUNTAINS. 


Such opportunities as I possessed allowed only a partial examination 
of this most interesting region, and this was mostly confined to the 
Pierre’s Mountains on the western border of the basin of the same name. 
Viewed from the basin-plain, the eastern front of these mountains pre- 
sents a series of more or less regular spur-ridges, which gradually rise 
up into the eastern mountain- crest, and which are much complicated by 
secondary spurs due entirely to the erosive action of the short drainage 
channels which flow out into Pierre’s Basin. The principal spurs, how- 
ever, conform to the strike of the strata, and hence have a general north- 
west and southeast direction.’ One of these ridges forms the water-shed 
of the drainage which flows into Pierre’s Basin on the one hand, and on 
the other is drained into the lower valley of the Snake through the stream 
which gives exit to the waters collected in the mountain- basin west of 
Low Pass. Pursuing a northwesterly course, it culminates in a high 
point, on which Station XL was established, at an altitude of 10,100 feet 
above the sea, or a relative elevation above the level of Pierre’s Basin of 
about 3,800 feet. It forms a monoclinal ridge of Jurassic beds, dipping 
to the southwest at varying angles of inclination, and much broken by 
the drainage channels which intersect it from either side. Fora large 
part of the: way the ridge is capped by a heavy ledge of quartzite, De- 
neath which occur more or less distinct exhibitions of sandstones, drab 
limestones, and shaly deposits. On approaching Station XL, the latter 
are seen to rest upon a heavy accumulation of deep red arenaceous shales 
and sandstones, which form a wide belt of brilliant color in the northeast 
face of the ridge. These are succeeded below by buftf-red siliceous beds 
and intercalated limestones, which finally pass into the usual drab and 
gray cherty limestones everywhere making up the lower measures of the 
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Carboniferous in this region. A section, starting on the well-determined 
Carboniferous limestones and carried along a southwest and northeast 
line, or nearly at right angles to the strike, across Station XL ridge, is 
Shown in an accompanying plate. As this section affords what may be — 
regarded as a typical exhibition of the stratigraphic structure of a series 
of formations which constitute an important element in the geological 
history of the region, a detailed description is here appended. 


Section through Station XL. 


1. Gray and drab, cherty, spar-seamed Carboniferous limestone, ex- 
posed in south flank and crest of high ridge north of Station XL ridge, 
the southeast continuation of Station XLII ridge. 

\ 2. Reddish-buff sandstone, imperfectly exposed in south side of saddle. 

3. Gray limestone ledge. 

. 4, Very hard, flinty, gray sandstone, almost a quartzite. Dip 40°, 
. 45° W. 

5. Light gray, slightly siliceous limestone, with chert bands. 

6. Hard reddish buff-gray sandstone. 

7. Gray siliceous limestone. 

8. Reddish buff-gray sandstone, with dark flinty fragments and hard - 
gray siliceous layers. 

9. Dark chocolate-colored and rusty indurated deposits, obscurely 
exposed in shallow saddle. 

10. Gray, cherty limestone, containing a large Bellerophon, and Den- 
taliwm ? 

11. Hard reddish-buff sandstone. 

12. Drab limestone. 

13. Very hard fragmentary light-buff sandstone. 

14. Very hard grayish sandstone. 

15. Hard rusty-brown laminated sandstone. 

16a. Dark blue shales and indurated layers. 

16b. Reddish shales and rusty-gray indurated layers. 

17. Dark drab, thin-bedded limestone, with Lingula, small Pleuro- 
horus? 

18. Rusty and gray, fine laminated, indurated argillo-arenaceous de- 
posits. 

19. Reddish shales and indurated layers, exposed in saddle and ravine 
north of Station XL. : 

20. Tough gray sandstone, dark brown stained on exposed surfaces, 
with obscure indeterminate Lamelli branch. Dip 44°, 8. 50° W. 

21. Gray and rusty indurated layers. 

22. Hard, gray, rusty-buff weathered sandstone. 

23. Gray limestone, thickness of 10 feet exposed. 

24a. Drab indurated arenaceous shales. 

24b. Red shales. 

24c. Deep red arenaceous shales and indurated layers forming a prom- 
inent belt of brilliant red exposures inthe north slope of the mountain. 

25. Hard, pale red or pink, sandstone, 75 feet, more or less. 

26. Reddish shales. 

27. Grayish or dark drab, in places buff-mottled, spar-seamed, frag- 
mentary limestone, forming a heavy ledge, 40 feet or more in thickness, 
in crest of Station XL ridge; dip 40°, S.50° W. This ledge contains 
a few imperfectly preserved fossils, among which are recognized crinoidal 
fragments which may prove to be Pentacrinites, a largish smooth Lamelli 
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branch which, but for its greater convexity, resembles Camptonectes, 
and a small indeterminate Gasteropod. 

28. Drab shaly limestone. 

29. Dark chocolate-colored shales. 

30. Mainly light drab, indurated, marly shales, with thin bands of 
drab shaly limestone, forms a heavy deposit. A small Gryphea (G. Cal- 
ceola ?) occurs in great abundance in the middle and upper part of the 
bed. 

31. Hard, indurated grit bed, 5 to 10 feet. 

32. Chocolate-mottled indurated deposit, 30 to 50 feet. 

33. Dark blue and gray, laminated, gritty limestone, a heavy bed, 20 
to 40 feet. Dip 379, S. 45° W. 

34. Unexposed space, toward top light drab deposit. 

35. Dark and light gray, very hard sandstone, overlaid by dark blu- 
ish-gray very hard gritty layers. 

36. Dark and buff gray coarse-grained sandstone, with hard pink lam- 
inated layers and dirty yellow and brownish soft layers above; 50 to 
75 feet exposed. Dip 44°, S. 50° W. 

37. Rusty-brown, gray, and reddish conglomerate, and laminated, cross- 
bedded, very hard sandstone, forming a conspicuous heavy ledge, of 
which a thickness of 25 feet is exposed, dipping S. 60° W., at an angle 
of 45°. The pebbles are rounded and arranged in more or less regular 
layers, and the whole bed is transformed into an intensely hard quartzite, 
whose rugged outcrop may be traced for miles, and is the same ledge 
that crosses the spur-ridge in the vicinity of Low Pass on either side. 

38. Dull red shales, 40 feet, more or less. 

39. Alternations of drab limestone and chocolate-colored sandstone, 
40 feet, more or less. 

40. Chocolate-red shales and indurated sands. 

41. Light drab limestone and interbedded shaly layers. 

42. Chocolate-colored shales and gritty layers. 

43. Drab shaly and bluish limestones, interbedded with drab shales, 
forming a heavy deposit several hundred feet in thickness. 

44, Reddish buff-gray hard sandstone, a heavy ledge. 

The base of the section rests upon the lower limestones of the Carbonif- 
erous series, succeeded by the upper siliceous member of the same series, 
which here attains a thickness of above 2,000 feet between beds No. 1 
and No. 18, inclusive. The fossils of bed No. 10, although at present not 
specifically determined, clearly belong to Carboniferous types. But in 
the instance of those obtained from bed No. 17, which on account of the 
imperfect state of their preservation as also the fact that they belong to 
less characteristic genera, there is room for doubt in the determination 
of the equivalency of the strata in which they occur. The Lingula could 
hardly be admitted in evidence in so important a question, but the little 
Lamilli branch certainly bears a striking resemblance to a species of 
Pleurophorus prevalent in Permo-Carboniferous horizons in the region of 
the Lower Missouri. This fact, if not actual specific identity, in connec- 
tion with the stratigraphic position of the ledge, which lies immediately 
below the Triassic “red beds,” strongly favors the reference of these upper 
beds to the horizon of the Permo-Carboniferous. Asis generally supposed 
in the case of the Lower Missouri region, there may be no well-defined 
demarkation, either lithological or paleontological, separating these 
upper beds from the distinctively Carboniferous horizons ; but taking into 
account the prominent lithological characters of the latter deposits, they 
are distinguished in a marked manner into upper siliceous and lower 
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limestone members, which apparently possess these distinctive features 
over large areas in this region. 

The “red beds” here, also, present what may be regarded as their full 
development, reaching a thickness of about 2,500 feet, beds No. 19 and 
No. 26, inclusive, of the foregoing section. They are made .up almost 
entirely of red arenaceous shales and standstones, including just above 
the middle a stratum of limestone. The Jurassic is introduced by the 
limestone bed No. 27, in which were observed a few fossils, none of 
which, however, were sufiiciently perfect for identification, although they 
certainly possess Jurassic facies. But in the superimposed indurated 
calcareous shales the abundant prevalence of a little Gryphea, allied to 
G. Calceola, plainly identifies the horizon with the Jurassic as elsewhere 
characterized in the northwest. The vertical limit of the Jurassic de- 
posits at this locality was not definitely determined. In the neighbor- 
hood of 1,200 feet above the base, a series of hard sandstone beds are 
met with, "capped by a heavy bed of conglomerate, attaining a thick- 
ness of about 500 feet, beds No. 35 to No. 37 inclusive. These are sue- 
ceeded above by a heavy deposit several hundred feet in thickness, 
consisting of alternations of pale red and chocolate-colored shales and 
drab limestones with drab shaly partings, which afforded no organie 

evidence by which their age might be determined. The section ceases 

with a heavy deposit of sandstone, No. 44, which, together with the 
subjacent strata, is apparently conformable ‘with the whole rock series 
included in the section to the lowest Carboniferous limestones there 
shown. If non-conformity exists, it is so slight as to readily fail of 
recognition. 

Looking south and southwest from Station XL, quite the entire area 
of the Low Pass basin is commanded, limited on the west by a rather 
high and rugged mountain ridge, which shows in its east face escarp- 
ments and amphitheatres recalling the magnificent scenery of the Téton 
western foreland. The intervening countr y is filled with low hills, and 
traversed by a net-work of narrow “valleys and cations, and clothed with 
coniferous forests. Here and there dull buff-colored exposures were 
observed in the hill-sides, but nothing affording familiar lithological 
characters sufficient for the determination of the relative age of the for- 
mations which they represent. But in the steep mountain wall which rises 
into the ridge immediately defining the eastern border of the lower 
valley of the Snake, a heavy series ‘of drab deposits seem to indicate 
the Carboniferous. It may be that the before-mentioned basin-area of 
the Low Pass has been eroded out of the comparatively soft deposits 
of the Laramie Group, which may either occupy a broad synelinal de- 
pression or a series of narrow folds lying between the two main ridges 
which constitute the principal topographic feature of this mountain 
group. 

The section B, of accompanying plate, gives a profile of these mount- 
ains, along a northeasterly and southwesterly line, passing through Sta- 
tion Gi) which is based upon data secured by Mr. Bechler. The fore- 
going section, embracing the belt actually examined at this locality, is 


introduced to show its relation to the topography of the range along - 


this line. The profile crosses the barrier ridge bounding the lower 
valley of the Snake a little to the north of the debouchure of the Low Pass 
drainage, to the north of which the ridge rises 1,500 feet higher than at 
the point where it is crossed by the profile. In the opposite direction 
the eastern border of the mountains'is gained in a distance of only two 
or three miles beyond the northeast limit of the section, and from data 
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gained in the vicinity of Spring Creek, and at Station XLII, the Car- 

boniferous limestones at this point are found to extend quite to the edge 

2 Pierre’s Basin, where they are buried beneath Post-Tertiary accumu- 
ations. 

In the foot of the mountains, and in low outlying mounds a short 
distance south of Spring Creek, which issues a copious stream from a 
spring source in the limestone ridge, quite extensive exposures of drab, 
cherty limestone with crinoidal columns, overlaid by the reddish-buff sili-. 
ceous beds, were seen, dipping to the southwestward at an angle of about 
35°, These deposits doubtless belong to the lower portion of the series 
shown in the section through Station XL, given above. Between the 
latter locality, which we designated by the name Spring Point, and the 
debouchure of Low Pass Creek, the Jurassic beds occupy a belt which 
extends southeasterly over to the ridges southwest of Station XX XIX, 
in the Téton Pass Mountains. On the southwest border of this belt 
there are indications of a sharp fold in the Mesozoie strata which form 
the crest of the before-mentioned spur-ridge rising into Station XL, 
where, at one point, the heavy conglomerate ledge which overlies the 
drab Jurassic beds was observed to dip to the northeastward at angles 
of 30° to 50°. The latter exposure occurs in the crest of the spur-ridge 
but a short distance northwest of Low Pass Creek, and where the 
conglomerate is underlaid by chocolate red beds, which are in turn 
succeeded below by drab limestones, recalling the association of beds 
observed to the southwest of Station XL. But, higher in the ridge, its 
crest lies to the southwest of the axis of the fold, which also gradually 
rises in that direction, so that the southwest flank of the fold exhibits 
the strata reclining in that direction. It is possible the fold here alluded 
to may be of very local extent, which would readily explain the north- 
erly expansion of the Carboniferous deposits appearing in Spring Point, 
and which are believed to belong to the ridge of Station XLII, as here- 
after to be mentioned. 

Soon after crossing Spring Creek, the foot-hills to the northwest 
show rusty weathered pinkish trachytic ledges, gently dipping toward 
the basin, or northeasterly—their first exhibition along this side of 
the basin after leaving the exposures in the debouchure of West Téton 
Pass Creek. On one of these upraised volcanic points Station XLI 
was established, at an elevation of about 2,000 feet above the lower 
level of the basin opposite. But to the southwest the sedimentaries are 
seen rising from beneath the voleanic border-deposits into a higher 
mountain ridge which forms an easterly spur prolongation of Station 
XLII ridge. The volcanics skirt the mountain foot for several miles to 
the northwestward, when they bear round to the westward, rising high 
up on the northern terminus of the range where they form the long fore- 
land bench which descends over gentle grassy slopes into the great 

. plain of the Snake. 

Just within this fringe of voleanics, a rather extensive recess along 
the upper course of Packsaddle Creek is filled with low, rounded hills, 
rising into a more prominent ridge along the eastern border, and flanked 
on the southwest by the more rugged mountain ridge, on the culminat- 
ing point of which Station XLII was located, at an altitude of 10,080 
feet above the sea, or nearly 4,000 feet above the bed of Pierre’s Basin. 
A section carried from the volcanic border along a southwest line into 
the heart of the mountains through Station XLII ridge is shown in the 
eee plate, section A, and exhibits the following stratigraphic 
elements : 
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Section through Station XLII. 


1. Pink-colored trachyte, associated with dark basalt, dipping east- 


ward at an angle of 15°. These deposits crown the elevation at Station 
XLI, and that to the northwest in the opposite side of the debouchure 
of a small stream which here penetrates the foot-hills. 

2. Blue, rusty weathered, shaly sandstone, forming a narrow ledge 
exposure, which dips 35°, northeasterly. It is underlaid by gray, shaly 
sandstone débris. 

3. Gray, brown weathered, shaly sandstone, dip 15°, southwestward; 
exposed in the foot of the opposite slope which rises into the prominent 
hog-back ridge overlooking the voleanic border-ridges. 

4, Crossing a space of several hundred yards, in which no rock ex- 
posures appear, in the steeper northwest acclivity three ledges of gray, 
shaly sandstone outcrop, including a vertical thickness of 60 to 100 feet, 
and dipping southwesterly at an angle of 20° to 30°. From these ledges, 
which doubtless pertain to the same age as the previously-mentioned 
sandstones, we pass over the steep débris-covered slope to a point near 
the crest of the ridge, where the following bed appears: 

5. Drab, fragmentary limestone, with segments of the column of 
Pentacrinites, showing a thickness of about 20 feet, in nearly vertical 
position, or dipping at an angle of 85°, southwesterly. This bed is sep- 
arated from the succeeding by a narrow space, in which appear the fol- 
lowing: 

6. Drab, shaly limestone and indurated deposits, containing a small 
Ostrea, like O. strigulecula White, which, together with Pentacrinites re- 
mains, determine the Jurassic age of thishorizon. Thesame and associated 
ledges are also seen in the steep ridge to the south. ‘ 

7. Bluish-gray, shaly, fine-grained sandstone, exposed 5 to 10 feet in 
sharp hog-back crest of the ridge, dipping 85°, W. 15° 8. 

8. In the succeeding space of 200 yards or so, obscure exposures of 
pink-buff sandstone alone indicate the character of the several hundred 
feet of superimposed material. 


—— 


9. Drab limestone, forming a heavy ledge, which dips steeply to the © 


southwestward. 

10. Very hard buff-gray and pink sandstone, containing obscure 
vegetable remains. This rock forms a heavy ledge, outcropping in the 
southwest slope of the ridge, which descends to the lower level of the 
intervening basin, in which the succeeding exposures are indifferently 
revealed, in part owing to their more friable nature, the materials de- 
rived from their easy disintegration effectually covering considerable 
areas of the undulating surface. Hence the following beds, which out- 
crop at intervals, probably show only the more indurated layers of a 
heavy series of deposits which fill the basin area above outlined. These 
are referred to under Nos. 11 to 13, inclusive, as follows: . 

11. Grayish and bluish-gray, thin-bedded sandstones, appearing in 
low obseure outerops littering the surface with débris. 

12. Gray, thin-bedded sandstone below, dark gray and bufi-reddish, 
shaly, laminated sandstone above. In the belt apparently occupied by 
the above deposits, a heavy bed of drab indurated shales and dark 
brown-gray limestone layers occur, which afiord fragments of a small 
Ostrea (O. strigulecula?) and Pentacrinites, like those occurring in_bed 
No.5; the latter deposits were observed in the steep slope south side of 
the little stream which flows out into the basin immediately north of 
Station XLI, but their actual relationship to the gray sandstones was 
not satisfactorily disclosed. 
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13. Greenish gray soft sandstone, alternating with rusty red shales 
and brown-stained gray sandstone. 

14. Gray and reddish-buff sandstone, interbedded with dark choco- 
late-colored and reddish indurated shales, with ferruginous nodules and 
drab, chocolate-stained limestone layers. The lower exposed portion of 
the deposit consists of a hard, laminated, reddish-gray sandstone asso- 
ciated with a dark brownish red conglomerate, dipping 55°, W. 

15. Drab limestone, in heavy and thin-bedded layers, dipping 45° to 
55°, S. 50° to 70° W. This limestone forms a heavy deposit, resting 
upon the last described sandstone, appearing in the summit of the east 
spur of Station XLII ridge and heavily flagging the slope descending 
to the saddle which connects the spur with the above mountain ridge. 
Certain layers of the limestone contain numerous individuals of a small 
undetermined Gasteropod, which was the only fossil observed. 

16. Brown, gray, and pink sandstone, with joint structure ; forms a 
heavy bed in the east side of the saddle, dipping towards the mountain, 
or W. 10°S., at an angle of 47°. 

17. Variegated blue and chocolate-colored arenaceous shales, occupy- 
ing the depression in the saddle, one and a half miles east of Station 
XLU. 

18. Heavy-bedded drab limestone. In climbing from the above-men- 
tioned saddle to the west of the southeast continuation of Station XLIT 
ridge, the above limestone appears in heavy ledges mailing the steep 
northeast face of the mountain, where the ledges appear to incline to 
the eastward at an angle of 65°. Higher in the slope at this point the 
surface is strewn with the fine angular débris of reddish-gray very hard 
siliceous deposits, or brittle quartzitic sandstone, apparently forming a 
heavy ledge, the relation of which to the limestone was not satisfac- 
torily shown. But in passing up the ridge towards its culminating 
point, the crest of the mountain was found to be capped by a heavy 
deposit of darkish and light-drab, spar-seamed, cherty limestone, some- 
times brecciated, which afforded a few characteristic Carboniferous corals 
(Zaphrentis and Lithostrotion), overlaid by alternations of heavy buff- 
pink siliceous beds and thinner limestone layers, all dipping 8. 30° W. 
at angles of 35° to 45°. The latter beds are indicated in the section- 
diagram under Nos. 19 and 20. 


The main ridge which culminates in Station XLII, thus forms a 
monoclinal crest extending three or more miles in a general northwest 
and southeast direction. Under the summit the northeast face presents 
exceedingly steep slopes descending into amphitheatres, whose beds are 
choked with débris accumulations and furrowed by the drainage ravines 
which descend into the basin area. In this northeast wall a thickness 
of 400 feet or more of the Carboniferous limestone is exposed before 
the slope merges into the steep talus at its foot, which effectually 
conceals the inferior deposits. On the opposite hand, the ridge more 
gently slopes into a parallel depression, over the before-mentioned sili- 
ceous deposits, which latter, doubtless, are as fully developed at this 
locality as they were found in the ridges north of Station XL. In the 
opposite acclivity the “red beds” appear in equal force, broad patches 
of the brilliant color contrasting with the rich green herbaceous growth 
which here as elsewhere flourishes in the soil based upon these deposits. 
The latter are succeeded by the drab beds of the Jurassic, which rise up 
into the crest of a higher mountain a couple of miles south of Station 
XLII, where they are capped by a heavy rusty ledge which may be 


traced several miles to the northwest descending into the deep valley at 
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the head of Cation Creek, in the further side of which it is continued 
until lost to view in the forest-covered Slopes. The latter ledge may 
be identical with the conglomerate shown in the section through Station 
XL, of which, indeed, the present mountain ridge is the northwesterly 
prolongation. To the southwest lies an equal breadth of hill country 
intervening between the crest of the range and the lower valley of the 
Snake, the , exploration of which -was, for ‘the lack of tim e, prevented. 
Station XLII commands a view of the entire extent of the little basin 
to the north and east, and which is principally drained by the sources 
of Packsaddle Creek. Its undulating surface shows obscure exposures of 
the peculiar gray sandstones enumerated in the foregoing section, which 
apparently compose the bulk of* the strata out of which the basin has 
been excavated. The ridge along its eastern border, in which the hog- 
back ledges of Jurassic “limestone and sandstone appear, is broken 
down to the northeast in the wide debouchure of the principal drainage 
channel into Pierre’s Basin, to the north of which the hills eradually 
rise into the high volcanic bench which reaches high up on and sweeps 
around the northern terminus of the range. From the nature of the 
basin deposits, which readily yield to the denuding agencies which have 
molded the surface into its present configuration, it is difficult to gain a 
clear knowledge of their stratigraphy, only the firmer ledges protruding 
above the surface in such favored localities where they have escaped 
being buried beneath the detrital material derived from the demolition 
of the softer beds. But in their lithological appearance they share so 
marked resemblance with horizons in the Caribou Range west of the 
lower valley of the Snake as to almost preclude a vestige of doubt as to 
their identity with the extensively-developed Laramie deposits of the 
latter region. The east hog-back ridge to the south is blended with the 
eastern spur of Station XLII ridge, on the voleanic tipped foot of which 
Station XLI was located. In the latter spur the steeply-inclined Juras- 
sic strata are continued southeasterly, finally running out in the border 
of Pierre’s Basin, where they have been eroded and covered with modern 
accumulations. The relations of the folds and disturbances here met. 
with, with similar manifestations occurring in other parts of the range 
to the southeast, will be briefly discussed at the close of this chapter. 


TETON PASS MOUNTAINS. 


Without attempting here to define the limits of the so-called Téton Pass 
Mountains, for our present purpose it answers merely to state that that 
portion of the mountain region south of the Low Pass which fell under 
our examination comprises a narrow strip skirting the head or southern 
end of Pierre’s Basin, extending thence southeasterly to the foot of 
Jackson’s Basin on the Upper Snake. The southern end of the Téton 
Range is terminated in a pair of lofty peaks which overlook almost the 
entire extent of the mountainous highlands which fill the great south- 
ern bend of the Snake River south of the Low Pass Gap, and which is 
dominated by Mount Baird. Along the western border of the mount- 
ains the rugged barrier here and there rises into comparatively promi- 
nent peaks, conspicuous among which are Promontory Peak, and the 
corresponding height to the north, which together form the portal 
through which the drainage of the Low Pass Basin makes its exit into 
the lower valley of the Snake. This low mountain ridge is separated 
from the Téton Range by the depression through which lies the Téton 
Pass, the summit of which attains an elevation “of some 2,300 feet above 
the basin-plains at either entrance to the pass, or an actual altitude of 
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8,530 feet. The immediately neighboring ridges attain altitudes less 
than a thousand feet higher, sinkin§ away in opposite directions to the 
northwest and southeast, where they are crowned with innumerable 


' peaks 7,000 to 9,000 feet elevation above the sea. This region is very 


generall , clothed with coniferous forests; the northern slopes especially 
are often densely wooded with beautiful growths of slender-tipped spruce 
and pine, the presence of which offered serious obstacles in the way of 
tracing out the geological structure in distant parts of the range beyond 
our reach. 

The Téton Pass hills, as seen from the plain in passing along the 
southwest border of Pierre’s Basin, present a succession of ridges grad- 
ually diminishing in height as they approach the Low Pass sag, their 
northerly face falling abruptly over the edges of the upraised strata, 
which in like manner determine the gentler slope of their opposite de- 
clivities. In connection with the Pierre Mountains, mention was made 
of the occurrence of a heavy ledge of conglomerate overlying the drab 
shaly horizon of the Jurassic, the relative position of which is further 
shown in the section B, bed No. 37. The strike of the strata maintains 
this ledge in the crest of the southeast continuation of Station XL ridge, 
where it is lost in the debouchure of Low Pass Creek; but to the south- 
east it reappears in one of the low ridges above referred to, where it is 
observed dipping southwestward, overlaid by drab limestone and hard 
sandstone, offering the same succession of deposits which compose the 
uppermost series in the section through Station XL in the Pierre’s 
Mountains. These deposits rise in the crests of the ridges to the south- 
east, in which direction the strike of the strata carry them farther and 
farther into the mountains, so that, as we approach Téton Pass, the foot- 
hill ridges reveal successively older deposits, until, at the head of the 
basin, the upper measures of the Carboniferous appear in the foot of the 
spur which afforded access to Station XX XIX—a low mountain sum- 
mit commanding a comprehensive view of the beautiful plain of Pierre’s 
Basin, bordered on the one hand by the great foreland slopes of the 
Téton Range, and on the other by the comparatively low but more broken 
foot-hills of the Pierre’s and Téton Pass Mountains. 

The vicinity of Station XX XIX afforded instructive geological study, 
showing the intimate relations in the stratigraphy and dynamics which 
exist in common between this mountain group and that briefly noticed 
in the preceding pages. The sunimit of the mountain is capped by a heavy 
ledge of rather hard, even-bedded, pale brick-red sandstone, dipping 
46°, W.10° 8. The rock is complicated by joint structure which might 
easily be mistaken for the bedding but for the lamination, obscure traces. 
of which the rock sometimes retains. The deceptive joint or. cleavage 
planes incline north at an angle of 40°. The only vestiges of organic 
remains contained in the rock are small alge-like markings preserved in 
a variety of curious shapes weathered in relief on the exposed surfaces. 
of the slabs. The rock is also perforated by slender tubes and cavi- 
ties which may have connection with original organic nuclei. To the 
southeastward, just beyond an intervening, deep, densely wooded gulch, 
the same ledge is traced in the crest of a corresponding ridge, the south 
slope of which is covered with the rusty débris. On the south slope of 
Station XX XIX a considerable deposit of dark drab, spar-seamed, frag- 
mentary limestone, with associated shaly beds, occurs, which doubtless: 
overlies the above-mentioned sandstone; it contains a few poorly pre- 
served fossils, small crinoidal dises, the flat valve of an Aviculopecten ? 
a small lamellibranch resembling Myacites, and a little gibbous gastero- 
pod. Although none of these forms are positively identifiable with 
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known species, they show strong resemblance to forms which occur else- 
where in well-determined Jurassic horizons. In the wooded slopes to 
the south and southwest of the station, belts of variegated pale red and | 
drab deposits are exposed in the secondary spurs descending from the 
main ridges, the strata dipping off to the southeastward as far as could be _ 
traced. The north spur descending to the plain exhibits successively 
lower deposits, which, although it was impossible to ascertain their 
thickness even approximately, occur in the following order: Immedi- 
ately beneath the summit sandstone the north and northeast slope of 
the station passes over a heavy deposit of deep red arenaceous shales 
and thin layers of red sandstone which descend into the saddle connect- 
ing this point with a lower nipple; the edges of these red beds and 
overlying sandstone are also exposed in the northeast slopes of the next 
west spur. In the crest of the nipple north of the station, shaly buff- 
gray sandstone, overlaid by gray limestone; is seen, and thence to the 
northward successive ledges of very hard reddish buff siliceous or sand- 
stone beds appear, interbedded with drab and dark gray limestones and 
red arenaceous indurated shales, dipping southwesterly at an angle of 
20° to 30°, the hard ledges forming low crests along the gradually de- 
elining spur. Near the foot of the ridge, and perhaps two and a half 
miles north of the station, a heavy ledge of darkish drab cherty lime- 
stone appears, rising obliquely to the general direction of the spur, and 
dipping W. 5° 8. at an angle of 20°. This ledge afforded a few speci- 
mens of Zaphrentis and crinoidalremains, identifying it with the Carbon- 
iferous. It will hence appear that the overlying siliceous beds, sand- 
stones, and interbedded red shales and limestones offer the same strati- 
graphic series as that noticed in the Pierre’s Mountains, north of Station 
XL and south of Station X LIT. 

It remains briefly to notice a remarkable but, unfortunately, cbscure 
exposure occurring in the southeasterly slope of Station XXXIX. This 
shows a limited exposure apparently belonging to a heavy ledge of gray 
limestone which stands nearly vertical, the top of the ledge bending 
Suddenly over to the southward, and other wise showing what appears 
to be the result of great disturbance. The apparent planes of bedding 
Show a strike KH. 250 to 30° 8. and W. 25° to 30° N., the planes steeply 
‘dipping northward or nearly vertical. In the absence of other exposures 
in the immediate vicinity affording the least corroborative evidence of 
the existence of so sharp a fold in the strata at this point, renewed search 
was made to discover whether or no the apparent bedding of the lime- 
Stone was to be attributable to deceptive cleavage, as remarked in con- 
nection with the sandstone ledge in the near summit of the station, with 
-~which the strike of the limestone certainly shows marked coincidence, but 
‘without more definite results. Itis by no means of infrequent obser vation 
‘in this region to find the heavier limestone deposits of both the Carbonif- 
erous and Jurassic so changed and fractured by cleavage as to totally 
obseure the true bedding of the ledges, which in many instances is only 
‘determinable by noting the relation to associated strata which clearly 
retain the original planes of deposition. But examining the country to 
the eastward ‘of Station XX XIX, in the belt of low hills intervening be- 
tween this point and Téton Pass ‘there occur in the crests of one or two 
spur-ridges the edges of southwest- facing ledges which apparently dip 
in the opposite direction, indicating a fold the axis of which cannot be 
far removed from the ridge of which Station XX XIX forms one of the 
western culminating points. 

The occurrence of the ‘red beds” and Jurassic limestone in the lower 
portion of the valley of West Téton Pass Creek has already been alluded 
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to in connection with the notice of the southern extremity of the Téton 
Range. These deposits doubtless here recline on the flank of the great 
range, dipping southerly conformably with the Carboniferous deposits 
which rise up into the high dominating peaks at this end of the range. 
As there mentioned, the volcanics fringe the foot-hills well up into the 
little valley, on the southwest side of which, however, they were not rec- 
ognized. It was a notable fact that the foot-hills of the Séton Pass and 
Pierre’s Mountains below Station XX XIX were quite denuded of the 
latter class of rocks, which on that side of Pierre’s Basin do not reappear 
until we have passed to the north of Spring Point, where they again exhibit 
characteristic upraised benches resting on the border foot-hills. Passing 
up Téton Pass the way gradually penetrates alike deeper into the range 
and lower in the geologic series, so that, at a point two to four miles 
from the summit of the pass the Carboniferous ledges heavily plate the 
immediate mountain slope. There the diminished brook again turns 
southeast and soon passes into the horizon of the “red beds,” which 
continue to the high saddle next west of the summit, where they display 
characteristic exposures of deep red sandstone and arenaceous softer 
beds, dipping southward at an angle of 45°. From the latter point the 
trail again passes north of the trend of the “‘red beds,” the way passing 
over steep slopes buried beneath vast accumulations of intensely hard, 
fragmentary, buff, and reddish silicious rock, which was found to be 
heavily developed and composing a zone of low elevations immediately 
south of the summit. The relative position of the latter silicious horizon 
is well discerned from the mountain which rises immediately north of the 
pass, Station XLII. 

From the latter mountain summit the view embraces the whole coun- 
try, sweeping round from the east, south, into the west, and commanding 
nearly the whole of the highland region crowded into the great southern 
bend of the Snake River. In the immediate neighborhood of the Téton 
Pass the silicious deposits of the upper measures of the Carboniferous 
form a belt of low hills, in whose steep declivities bands of the included 
red, gritty shales simulate the “red beds” of the Trias, only much less 
considerable in vertical extent. But just beyond, in the slopes descend- 
ing from higher ridges, appear here and there extensive open tracts whose 
cover of Juxuriant herbage we had come to associate with the presence 
of peculiar geological deposits; and we have the confirmation of the 
supposition in numerous slides in the steeper slopes, which reveal ex- 
tensive exposures of the Triassic “red beds.” These deposits are easily 
traced in a wide belt having a general west-northwest and east-southeast 
trend, in the former direction passing down into the lower course of West 
Téton Pass Valley, and in the latter extending into the foot-hills south 
of East Pass Creek, where they are hidden from sight by the forests 
which very generally cover the hills in that quarter. Still beyond, south- 
west, the ridges show quite extensive exposures of buff and grayish 
deposits, to the southwest of which another belt of “red beds” intervenes 

etween the last and the immense accumulation of light-drab strata 
dimly seen in the escarpments of the prominent mountain heights which 
rise immediately from the eastern border of the lower valley of the Snake. 
This is, in brief, what appears from the commanding summits north of 
the pass. The distance is too great, to say nothing of the great extent 
of surface clothed in forests and other growths in which the subjacent 
strata are concealed from view to render it possible to gain more than 
the barest general outlines of the distribution of the geological forma- 
tions, not even the inclination of the strata being satisfactorily revealed 
in the middle and more distant ridges; while, of course, all stratigraphic 
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details are effectually obliterated. Hence, it is with a degree of hesi- 
tancy that the belt of buff-colored deposits is identified with the Lara- 
mie tormation, and the more distant red-colored strata with the Triassic | 
“red beds,” or the variegated red shales overlying the former deposits. 
But the drab beds in Promontory Peak and corresponding heights along 
the lower valley of Snake River may with greater confidence be referred 
to the Carboniferous, the latter deposits having been observed in that 
quarter by Professor Bradley in 1872. 

A brief review of the facts and their bearings elicited by the exam- 
inations in the northern portion of the range, will, it is hoped, convey 
something like an adequate knowledge of the identity of the geologic 
history of at least the northeastern if not the whole of this mountain 
region. 

tn the extreme northeast, a limited area of Jurassic and, perhaps, 
Laramie deposits occupies the northeast flank of the Pierre’s Mountains, 
where the strata have been involved in extraordinary disturbances, which 
have indeed tilted the Jurassic beds into nearly vertical position in the 
immediate vicinity of the present eastern border of the range, and it 
seems probable that a complete overturn of the beds at this point was 
effected. The narrow belt of extreme disturbance soon passes beyond 
the limits of the range to the southeastward, where, in Spring Point, the 
Carboniferous deposits jut out into the edge of the basin. The western 
border of the disturbed Mesozoic area, as we have already seen, is defined 
by the high barrier ridge of Carboniferous strata, which may in places 
retain the condition of a fold with steep easterly pitch, but which at 
other points seem to have been faulted with downthrow in the same 
direction. 

At Station XLIT the erosive agencies have reduced this ridge to the 
condition of a monoclinal, but in the immediate vicinity evidence exists 
which strongly goes to show that the uplift began either as an anticlinal - 
fold, or in the severance of the strata, the edges of the upraised portion 
dragged, producing the appearances above referred to in comparing 
the ridge to a faulted antichnal fold. The downthrow of the fault has 
brought the Jurassic or Post-Jurassic beds down to the level of the 
Carboniferous limestones, against which they apparently impinge, dip- 
ping in the same direction as the monoclinal portion of the latter deposits, 
though at a steeper angle, southwesterly. The appearances here allnded 
to are indicated in the section through Station XLII. With the time at 
our disposal it was difficult to work out the details of the disturbance 
‘the Mesozoic deposits have undergone in this northeastern area. The 
two dominant ridges, as determined by the fossil contents of their 
respective limestones, are apparently made up of stratigraphically widely 
separated deposits. The considerable space intervening and represent- 
ing a vertical extent of probably near 8,000 feet, is filled with arenaceous 
deposits which certainly bear strong resemblance to Post-Jurassie or 
Laramie deposits, and so also in regard to the soft sandstones in the out- 
lying flank, where they appear to form a low fold, on the one hand in- 
clining northeastward and on the other dipping in the direction of the 
sharp outer ridge, whose crest is composed of steeply tilted Jurassic beds. 
From such evidence it seems perfectly natural to attribute the appear- 
ances here met with to violent disturbances which resulted in one or 
more sharp folds, and perhaps accompanied by faulting, of which the 
area of their exhibition as seen to-day is but a remnant of a wide. and 
much involved belt in the region now occupied by the plain of Pierre’s 
Basin. pe 
- The faulted or monoclinal ridge of Station XLII pursues a course 
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southeasterly, but much wasted by the erosion of the upper tributaries 
of Horse Creek, and finally reaches the edge of the basin in Spring 
Point. This southeastern portion of the ridge apparently occupies a 
relatively much broader area than do the same deposits in the vicinity 
of Station XLII. This may possibly be due to one of two causes, or 
both, namely, variation in the trend of the strata, or a series of minor 
undulations and fractures superadded to the primary fold, by which the 
same horizons are made to appear at corresponding levels over a consid- 
able surface transverse to the trend of the main uplift. 

South of Spring Point the Jurassic deposits are seen in the foot-hills 
or spurs all along the edge of the basin to a point beyond Low Pass 
Creek, where they, together with the “red beds,” gradually pass inland, 
so thatthe Carboniferous ledges again appear from beneath the Mesozoies, 
lapping up on the lower spur-ridges in the vicinity of Station XX XIX. 
The latter belt of Carboniferous doubtless belongs to the Station XLII 
uplift, the axis of which probably lies a little east of Station XX XIX, 
in which quarter, as previously remarked, there are indications of a 
synclinal depression occupying the narrow belt intervening between 
the latter point and the southwest base of the Téton Range, in the 
farther side of which West Téton Pass Creek has excavated its valley. 
There is one other feature observed in the immediate vicinity of Station 
XXXIX in the apparent sharp folding of the strata with abrupt north- 
erly pitch, which offers additional striking resemblance to the conditions 
observed in Station XLII ridge, and together with the corresponding 
trend of the-strata, it seems hardly possible to doubt the identity of the 
uplift at these distant points, and its extension southeastward to the 
border of the valley of the Upper Snake. 

Of the large area to the south we possess far too meager information 
to warrant more than reference to the salient features of its apparent 
geological structure. From the observations of Professor Bradley, who, 
in 1872, traversed the Grand Cafion of the Snake, and thus had oppor- 
tunity to study the strata appearing along this magnificent natural sec- 
tion, it appears that the greater portion of the cation is walled by Car- 
boniferous deposits. These deposits are described by Professor Brad- 
ley as being mainly composed above of a thickness of several hundred 
feet of limestones, gradually passing from massive into overlying shaly 
beds, the lower deposits consisting of sandstones and shales, including 
heavy beds of limestone, which together reach a thickness of 2,000 feet 
or more. The upper entrance to the cafion shows a heavy series of 
laminated red sandstones, from beneath which appears a thickness of 
several hundred feet of heavy-bedded and shaly gray and greenish sand- 
stones, interbedded with calcareous shales, and containing indeterminate 
vegetable remains. The latter deposits extend into the cafon some dis- 
tance beyond the mouth of Hoback’s River, where they are thrown up’ 
in a sharp anticlinal fold with steep inclination, 65° to 70°, about east- 
northeast, dipping at an angle of about 40° in the opposite side of the 
fold. The axis of this uplift shows a narrow fold of limestone, overlaid 
by a heavy mass of sandstones and cherty beds, including near the base 
two or three heavy beds of black calcareous shale and friable clay, con- 
taining what appear to be amphibian remains. To the northeast, be- 
tween the latter fold and the upper entrance to the Grand Cation, the 
above-mentioned sandstones are thrown into two parallel but much 
lower anticlinals, having the same general trend, or west of north and 
east of south, with steeper dips on theeast. Below the great fold above 
mentioned, in descending the caiion, Professor Bradley refers to three 
other sharp anticlinals which are closely crowded, and showing exceed- 
ingly steep dips, in some instances amounting to 85°, accompanied by 
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other manifestations apparently of more or less local character, as the 
change in the strike from the general northwest and southeast direction 
to courses east-west and north-south. Beyond this point the Carbon- 
iferous deposits are boldly upraised, and thence to the debouchure of the 
caiion, a distance of some ten miles, they constitute the mass of the 
canon-walls. 

The above recapitulation of the Grand Cation section has been intro- 
duced to facilitate the comparison of the interesting region it traverses 
with the region visited along the northeastern flank of the same range 
of mountains. It will be observed that Professor Bradley notices a 
heavy series of sandstones and siliceous deposits making up the lower 
half and more of the Carboniferous series in this quarter, where the 
upper deposits are almost entirely composed of limestones. This shows 
a striking change in the character of the earlier sediments of the Car- 
boniferous period in this quarter, especially as compared with what ob- 
tains in the Téton Range, where the lower beds are mainly calcareous. 
It is possible that the section in the Grand Cafion does not retain the 
uppermost deposits, which, as we have already seen in the region of the 
Pierre’s Mountains, are usually made up of alternations of heavy beds 
of hard sandstone and limestone layers. The great breadth over which 
the Carboniferous beds outcrop in the Grand Caiion also offers some- 
thing strongly in contrast with their apparent limited occurrence in the 
barrier ridge along the lower valley of the Snake in the northwest con- 
tinuation of the same range. But this state of things may meet with 
satisfactory explanation in the fact that, in the process of excavation of 
the lower valley, a vast mass of their strata has been removed, the valley 
gradually widening and encroaching more and more on the Carboniferous 
belt in its progress to the northwest, in which latter quarter it has left 
‘a narrow remnant-strip on the southwest side of the valley, while above 
the entire area of the belt is confined to the Snake River Range where, 
in the vicinity of the Grand Cafion, it maintains its original breadth. 
The Carboniferous axis in the eastern flank of this range is not recog- 
nizable in the cafion section, which, if it extended so far to the south- 
east, probably gained the upper valley of the Snake above the Grand 
Cation. Itis much more difficult to correlate the red sandstones and the 
gray and green sandstones which compose the rocks for the first few 
miles on entering the cation from above. Professor Bradley’s deserip- 
tion of the lower gray and green sandstones and calcareous shales an- 
swers well the appearance of a heavy series of strata which occupies the 
little basin area at the northeast extremity of the Pierre’s Mountains, 
where very similar beds are associated with Jurassic deposits, but so 
inextricably cenfused as to involve their relations to the latter formation 
in much obscurity. But, on lithologic grounds, the deposits at the latter 
locality were compared with the Laramie beds, and it may further be 
observed that the latter formation, as here defined, also holds extensive 
deposits of red sandstones, and it is possible that the beds noticed by 
Professor Bradley belong to this early Cenozoic group. In the event of 
the confirmation of the latter supposition, may not these exposures in 
the upper portion of the Grand Caiion belong to the series of gray and 
buif and red strata which appears in the broad belt stretching across 
this highland region between the southeast flank of the Stations XX XIX 
and XLII uplift and the great Carboniferous barrier ridge along the 
lower valley of the Snake? 


PIERRE’S BASIN. 


The bay-like recess known as Pierre’s Hole or Basin occupies the in- 
terval between 'Téton Range and the Snake River Mountains, and com- 
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municates directly to the north with the great plain of the Snake River 
Basin. It has a north-south extent of about 18 miles, and at its widest 
part, opposite the north end of the Snake River Mountains, an east-west 
breadth of about 11 miles. To the south it very gradually narrows into 
the rounded upper end of the basin, while to the north it is defined by 
a relatively low, inconspicuous upland barrier which gives to the in- 
eluded area a general oval outline, embracing an area of, approximately, 
140 square miles, with a mean elevation of 6,000 feet above the sea, 
Pierre’s River traverses the basin nearly centrally, its principal source 
rising high up in the Téton plateau, and is joined near the head of the 
basin by West Pass Creek, which latter affords a natural highway com- 
municating with Jackson’s Basin on the Upper Snake. The principal 
tributaries from the east all originate in the Alpine basins in the heart 
of the great range; they are the Fox, Goodfellow’s, West Téton River, 
Bear and Leigh’s Creeks, besides several other smaller streams which 
collect the surface drainage of the western foreland. Numerous spring- 
fed creeks and rivulets join the main stream on its left bank after a short 
course from the low mountain border which defines the west side of the 
basin. 

The basin-plain has a descent of 400 to 500 feet from its head at the 
debouchure of West Téton Pass Creek to the point where the main 
stream begins its cafion course across the volcanic-capped low upland 
barrier which extends across the north end of the basin below Leigh’s 
Creek. A wide strip of level alluvial land les immediately adjacent 
the stream, the damming of which by beavers has converted the larger 
portion of the intervale into a swampy tract, covered with luxuriant 
meadows, dense copses of willow and ponds, through which the channel 
can with difficulty be traced. On either hand the plain gently rises in 
broad stretches of terrace slopes, which abut against the low volcanic 
border of the western foreland of the Téton Mountains, and also north 
of Spring Point in the opposite border; but South of the latter locality 
these benches rest upon the sedimentary beds which here form the 
mountain foot. Within the basin area, the larger streams have built up 
quite extensive detzital deposits in the form of broad tongues extending 
out into the basin from their debouchures, the channel following their 
crest, from which the surface very perceptibly slopes in either direction 
into shallow troughs which in some instances are occupied by the small 
drainage channels that rise in the foreland. 

The above features are quite marked in the case of West Téton River 
and Goodfellow’s Creek, the foreland Rapid Creek flowing out into the 
intervening depression ; and, as seen from the opposite heights in the 
Pierre’s Mountains, Bear Creek and Leigh’s Creek are also seen to 
emerge upon similiar raised tongues. But in the west-side streams this 
peculiar feature is not well, if at all, developed, the streams having cut 
their channels through the gentle terrace slope which is here more uni- 
form in its surface contour, or has been less modified by the addition of 
detrital materials brought down by the streams and superimposed on 
the more ancient terrace formations. For there can be no question as 
to the comparative modern origin of the raised tongues alluded to, and 
which manifestly owe their formation to the local action of the streams. 
This is further clearly shown in the fact that the shorter and less power- 
ful water-courses have failed to make the same impression on the local 
topography of the basin area, their volume being inadequate for the 
transportation and distribution of so extensive quantities of detritus. 
The later action of the streams has eroded their beds to a depth of 10 to 
30 feet or more in the loose materials, from which at various stages in 
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their volume they have fashioned typical terraces, which reach up the 
larger valleys a greater or less distance, as noted in West Téton Valley, 


Good Fellow’s, Fox, and West Pass Creeks. These terraces, in every | 


respect typical examples of their kind, show different levels, 5 to 25 and 
40 feet above the level of the streams, the lower, and of course most recent 
ones often strewn with coarse materials which enter into the composition 
of the deposits out of which they were moulded. Along the south and 
west sides of the basin the surface slopes down in a broad gentle terrace 
to the lower level of the plain, in which the streams at their debouchures 
have deepened their beds. These terraces seldom show marked or abrupt 
borders along their lower edges, but instead they generally merge into 
the lower level tract with but slight demarkation, and this generally to be 
sought rather in the gravelly character of the soil, which usually marks 
the edge of the terrace-border. 

The components of the general terrace formation that fills the basin 
chiefly consists of abraded rock fragments, gravel, pebbles, and small 
bowlders, intermingled with finer sediments, and very generally covered 
with a mantle of fine light-drab or brown soil. However, frequent and 
more or less extensive tracts are covered with gravel, like bars, where 
the coating of finer soil has been washed away. In the lower portion of 
the basin, the low banks along Pierre’s River reveal quite extensive ex- 
posures of light earth, which recalls the modern or lake beds of Dr. Hay- 
den, noticed elsewhere in this region, underlying or incorporated with 
the later voleanic flows. Their occurrence here, in the near proximity 
to the basaltic flows, strongly suggests the ascribed relationship. It 
may be impossible to determine the vertical extent of these earlier 
Quaternary deposits; but that they may reach a thickness of several 
hundred feet in the middle of the basin depression and elsewhere, locally, 
seems not improbable. 

Although, for all that can be said at this time, the superficial deposits 
occurring in the basin may not be treated strictly in accordance with 
their chronological sequence, but, from the similarity of their compo- 
nents, the fluviatile deposits may here receive brief notice. The posi- 
tion of these deposits in the debouchures of the streams descending 
from the mountains has already been referred to, as, also, their peculiar 
conformation. Itis rarely, so far as our observations went, that the 
mouths of the debouching streams are filled with accumulations that 
strongly suggest morainal origin. The barrier in the mouth of West 
Téton Valley and the ridges on the north and south may prove to be 
the remains of the terminal and lateral morains of a glacier that once 
filled that valley. But elsewhere, so far as observed, these deposits 
have been remodeled to such a degree as to be clearly ascribed to the 
work of the streams themselves. Their sources and the progress they 
have made in the process of deepening their beds are all plainly re- 
corded in the character of the deposits which they have built up along 
the border of the basin. The short foreland streams south of West 
Téton River are paved with more or less rounded fragments of sand- 
stone and voleanic rock, such as occur im situ in the great foreland in 
this quarter; while the larger streams have swept down immense quan- 
tities of thoroughly rounded fragments of all the sedimentary rocks 
which their courses traverse, and which, in Bear Creek, West Téton, 
and Goodfellow’s Creek, are intermingled with a large proportion of 
metamorphic bowlders which were torn from ledges deep within the 
range. West Pass Creek, and all the streams along the west side of 
the basin, are strewn with sandstone and limestone bowlders only, save 
occasional fragments of volcanic rocks; the absence of granitic rocks 
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indicating that the mountain courses of the streams lie entirely in the 
sedimentary formations, which is further proved to be the fact by actual 
observation. In the northern part of the basin, Leigh’s Creek, the 
sources of which originate in the great Archean expansion in the north- 
ern half of the Téton Range, and flow out through the voleanic fore- 
land which here flanks the metamorphic nucleus, shows in its bed quan- 
tities of gneissic, schistose, and voleanic bowlders, and which compose 
the low bars and bordering terraces. 

In defining the limits of the basin area, mention was made of the 
low upland barrier across its northern end. It remains to notice the 
geological character of this barrier, which presents the appearance of a 
low, gently undulating prairie upland, on the one hand gently descend- 
ing from the well-defined foot of the Téton Range, and on the other 
from the northern terminus of Pierre’s Mountains, uniting below Leigh’s 
Creek, where it is broken through at its lowest part by Pierre’s River, 
which here begins its cafion in the voleanic rocks. This upland really 
belongs to an extensive tract, extending northward to Henry’s Fork 
of Snake River, and in which a large part of the courses of Pierre’s 
River and the North Fork and several smaller tributaries lie in nar- 
Tow cations, 100 to 500 feetin depth. The general slope is quite gradual, 
northwestward; on the divide just south of Cafion Creek, where it 
probably attains its maximum height, about 6,600 feet, to the bluffs on 
Fall River, a few miles above its confluence with Henry’s Fork, the de- 
scent being in the neighborhood of 1,400 feet. 

The entire tract is based upon the older volcanic flows, which show in 
the deeper cafions several hundred feet thickness of laminated porphy- 
ritie trachytes, overlaid by drab and pink trachytes or trachytic tufis, 
upon which rest in turn remnants of firmer dark-brown, somewhat vesic- 
ular lava, with probably other varieties of trachyte and trachytic lavas, 
extending to the lower level of the Snake Basin, where they are replaced 
by the ordinary basaltic flows which everywhere floor the great plain. 
To the first mentioned varieties belongs the volcanic fringe which rises 
up on the western foot of the Téton Range throughout its length be- 
tween North Fork and West Pass Creek, and which reappears along the 
foot of Pierre’s Mountains, at a point about due west of the mouth of 
West Téton River, to the south of which they have been denuded. From - 
either side of the basin these deposits converge in gradually diminishing 
benches toward the head of Pierre’s Cafion, presenting an abrupt breast 
on the basin side and gently inclining with the inclination of the flows 
in the opposite direction, or northward. There is apparently a series of 
two or more of these benches, which formed as many barrier levels across 
the northern end of Pierre’s Basin, the gradual drainage of which ex- 
plains the shelving contour of the older terrace formations with which 
it is filled, and which probably date subsequent to the volcanic eruptions. 
The surface of this upland barrier is generally composed of a finely com- 
minuted light-brown soil, covered with a luxuriant growth of grasses 
and herbaceous plants. Wherever the wash has bared thesteeper slopes, 
there appear exposures of water-worn drift materials. These loose ma- 
terials were doubtless spread over the surface of the subjacent volcanic 
deposits prior to their erosion and removal from the basin area. So it 
would seem that, within comparatively modern date, the whole Snake 
River region was submerged, while the sluice-like accumulations filling 
the debouchures of the basin streams, and which form to-day a by no 
means inconspicuous feature in its surface relief, are absolutely modern, 
belonging to a past not very remote even to human comprehension. 


CHAPTER IV. 


THE EASTERN SECTION. 
GENERAL TOPOGRAPHICAL FEATURES, DRAINAGE, ETC. 


So far as relates to the somewhat partial nature of the geological ex- 
aminations in the region to the east of the Teton Range, it may be made 
to embrace a belt of territory nearly coextensive, north-south, with the 
extent of Jackson’s Basin along its western border, or about 40 miles; 
a line carried east from Jackson’s Lake, along the divide between Buf- 
falo Fork and the sources of the main Snake River, to the continental 
watershed, defining its northern limits. To the south and east of the 
above boundaries, in the interier portion of the area, our examinations 
were merely such as it was possible to make from commanding mount- 
ain summits, by which means, in perhaps the majority of cases, it was 
possible to gain, at least, a general knowledge of a much wider extent 
of country than that actually visited. 

By far the larger portion of this area belongs to the drainage of the 
Columbia, and, hydrographically, it is further divided into three well- 
defined subsections, viz, the southern, including the area north of Ho- 
back’s River and south of the Gros Ventre River; the middle, or that 
between the Gros Ventre and Buffalo Fork; and the northern, a belt of 
country embraced between the latter stream _and the extreme eastern 
sources of the Snake. The Buffalo Fork and Gros Ventre, both beauti- 
ful, well-sized mountain streams, rise in the continental divide, and flow- 
ing westward join the Snake in its passage through Jackson’s Hole. 
The Gros Ventre drains the larger area, but Buffalo Fork is, perhaps, 
scarcely inferior in the volume of its waters. In respect to Hoback’s 
River and the country along the southern flank of the Gros Ventre 
Mountains, which it in part drains and which in part belongs to the 
Green River drainage, our information is as yet wholly based on such 
accounts as have reached us from the hunters and explorers, who have 
casually visited or passed through that region with other objects in view 
than its careful exploration. 

In surface reliefs the three above-mentioned subsections differ greatly 
one from the other; and this difference, as we shall see presently, is due 
to the geological features characteristic of the several quarters, and 
which will be taken up in connection with the description of these areas. 
In the northeast, a narrow belt east of the continental watershed, on 
the headwaters of Wind River, was visited in the course of the season, 
where we had opportunity to extend our general examinations south- 
ward as far as Union or Warm Water Pass, and thence along the north- 
east foot of the Wind River Mountains. This opportunity, notwith- 
standing the limited time a hasty passage through the country afiorded, 
enabled the acquisition of many interesting details and a general knowl- 
edge of the geological relations of the orographic features of this part 
of the great watershed, and which find so diverse expression in the 
grandeur and unity of the great displacement out of whose metamor- 
phic axis were fashioned the chain of snowy peaks and labyrinth of am- 
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phitheatres and profound gorges that mark the crest of the Wind River 
Mountains, and the scarcely less remarkable or inferior volcanic heights 
in the vicinity of To-gwo-tee Pass and the region around the sources of 
the Yellowstone. 

JACKSON’S BASIN. 


Before passing to the consideration of the highlands of this portion of 
the district, which will be treated of in specific connected order, a brief 
notice of the mountain-locked valley commonly known as Jackson’s Hole, 
will first engage our attention. Extending in a northerly and southerly 
direction a distance of about 45 miles, ranging in breadth from 5 to 15 
iniles, and in altitude 6,000 to 6,800 feet above sea-level, it presents a 
surface diversified by levels of low, gravelly bottom, beautiful terrace- 
plains, with low, grassy hills rising in the midst, and densely timbered 
ridges skirting the western border, along which are nestled the lakelet 
expansions of the streams that issue from the Téton Mountains, and to 
the north the beautiful body of water into which the Snake River ex- 
pands, which has received the name of Jackson’s Lake. To the west 
rises the lofty, precipitous barrier of the Téton Range, which to the north 
sinks to the level of the high outlying voleanic divide at the northern 
extremity of the range, and to the south is prolonged in the mazes of 
the Snake River Range, forming a continuous belt of rugged mountain 
wall abruptly hemming this side of the valley. On the east the moun- 
tain border is much less regular and elevated, with a wide belt of out- 
lying, gentle slopes, interspersed with forests of pine, groves of aspen, 
and extensive tracts of pasturage. Perhaps no region in the Northwest 
presents so varied, beautiful, and majestic scenery. 

Quaternary.—The whole valley is filled with an immense accumulation 
of Quaternary deposits, consisting of well-water-worn or rounded débris 
derived from the neighboring mountains, and which the action of the 
streams has formed into various terrace-levels, the higher of which form 
quite extensive plains covered with sage and excellent grazing. The soil 
is of a light-brown marly nature, based upon a subsoil of coarser materials ; 
which latter often appears at the surface in the lower bottoms, and also 
in the higher levels, giving rise to gravelly, barren tracts. Again, con- 
siderable areas of the bottoms along the beaver-dammed water-courses 
are converted into ponds and willowy bogs, which merge into luxuriant, 
spongy meadows, very like the natural vegas of the Southwest. The 
streams are generally rapid and shallow, their clear, cold waters spread- 
ing over bowlder-strewn beds and interrupted by bars of shingle and 
cobblestones, which often divide the streams into a network of easily- 
forded channels; but in the season when their volume is swollen by the 
melting of the snow and their banks run full, they present far more 
formidable obstacles to the progress of the traveller. 

In the debouchure of East Pass Creek the west-side terraces may 
be well studied. They are seen to form high undulating and sloping 
benches, for the most part heavily timbered with impenetrable tracts of 
young pines, and strewn with large blocks of granite. In their passage 
across this bench the small streams have eroded pretty little valleys 40 
to 60 feet deep, and have also built lesser terraces, which are conspicu- 
ous for the prevalence of water-worn fragments of sedimentary rocks, sand- 
stone and limestone, which the streams brought down at a later period. 
To the north, however, it is very likely that Archean debris prevails 
throughout, in the ancient as well as in the more recent formed benches. 
Professor Bradley and Mr. Taggart, who examined in this quarter the, 
outlying benches immediately at the foot of the culminating Archean 
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peaks of the range, found evidence that persuaded them of the glacial 
origin of the low parallel débris-ridges which there skirt the foot of the 
mountains. To the south the evidence is far less convincing, indeed the 
terraces not exhibiting in their conformation other features than those 
which are readily explained by fluviatile action in working over and 
rearranging the loose materials accumulated along the base of the 
mountains. Local glaciers may have and doubtless did occupy the 
gorges that so deeply score the Téton and opposite mountain ranges; 
but one, in the course of a hasty visit, seeks in vain for those indubitable 
signs which are the conspicuous infallible records of former glacial action 
in other regions. This absence of scoring and grooving, the concomi- 
tants of glaciation, may not seem so strange on maturer reflection, 
especially when we take into consideration the potency of simple-acting 
atmospheric influences, which involve.in their effects far more significant 
results than the feebly engraved records of the reign of the glaciers. 

These high terraces terminate along Fighting Bear Creek in steep 
declivities 40 to 60 feet in height, reappearing at intervals lower down 
the valley, but less and less conspicuous, while to the north the reverse 
is true, the terraces increasing in magnitude, especially in the debouch- 
ures of the principal gorges where they bave formed barriers 500 feet 
above the present level of the Snake, behind which nestle pretty lake- 
lets, which Professor Bradley refers with good reasons to morainal 
origin. So far as the present observations extend the local character of 
these accumulations is manifestly apparent in the nature of their com- — 
ponents; the west-side terraces being almost exclusively made up of 
granitic, gneiss, schists, and quartzite bowlders, with, as has before been 
mentioned, reddish buff laminated sandstone and limestone débris preva- 
lent in the later-formed benches, as along East Pass Creek in its passage 
across the higher benches. Above the confluence of Hast Téton Creek 
a high terrace sets in, which forms an extensive grassy plain 200 feet 
and more in height above the river, gently rising to the west, where it 
is bordered by the before-mentioned wooded morainal ridges, which lat- 
ter, in places, project far out into the basin south of Jackson’s Lake. 
Professor Bradley has given a profile of this portion of the valley, from 
levellings made by Mr. Hering, from which we gather a more correct 
knowledge of its contour than is apparent when viewed at a distance 
from the east side of the valley. This profile is incorporated in an 
accompanying plate of diagrams, which sufficiently explains those fea- 
tures of surface reliefs dependent on the character of the superficial 
materials which fill the basin south of Jackson’s Lake. 

On the east side of the basin there exists a greater diversity in super- 
ficial contour, in part due to the presence of island-like remnants of sed- 
imentary formations and eruptive effusions, but mainly to the modifying 
changes wrought in the superficial deposits by considerable tributaries 
which flow out into the basin from the eastern highlands. The more 
important of these are the Gros Ventre, Elkhorn, and Buffalo Fork ; but 
there are other smaller water-courses which have effected marked local 
changes in the materials in the way of their channels, and which have 
thrown the ancient terrace into much confusion, eroding shallow basins 
and building up low terraces of their own out of the materials which they 
have swept down from the neighboring hills. This is true of the Little 
Gros Ventre, and several small streams that drain the western flank of 
Mount Leidy highlands between the Gros Ventre and Elkhorn. Out of 
the old terrace the former stream has formed an abrupt barrier along its 
right bank, 100 to 150 feet high, its face thickly strewn with bowlders and 
pebbles. This barrier slopes off on the northwest in a long glacis to 
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the Gros Ventre, where it terminates in low benches less than 20 feet 
above the stream, a couple of miles above its mouth. To the south it 
soon merges into the eastern face of the group of low hills belonging to 
the Lower Gros Ventre Buttes, and where the barrier of the chafing 
brook is formed of early Paleozoic rocks. On the Gros Ventre below its 
debouchure, a series of more regular terraces is met with, with remnants 
of the ancient terrace appearing on the south, where it is 100 feet or more 
above the stream, and partly encircles the low Tertiary hills, on which 
erraties are occasionally met with at a much higher elevation. 

To the north of the Gros Ventre the ancient terrace, at first much cut 
up by minor water-courses, gradually assumes its pristine condition, form- 
ing a broad, grassy, outlying glacis, bordering the wooded Tertiary foot- 
hills of the Mount Liedy highlands, and terminating in a line of bluffs 
hemming the east side of the Snake Bottoms, and which as suddenly 
breaks down in steep declivities south of the debouchure of the Elkhorn. . 
Its surface in the immediate vicinity of the foot-hills is modified by a 
series of low benches which run out diagonally into the basin, erosion 
having swept away the finer materials, leaving long trains of rubble- 
stones. Farther south, however, the light brown surface soil is generally 
prevalent, here and there patches of light marly soil and limestone frag- 
ments appearing in the midst, indicating subjacent late Tertiary deposits. 
The coarse materials of this portion of the terrace show a variety of 
rocks, chiefly quartzite, with rarely bowlders of volcanic rock. 

Between the broad basin-like debouchures of the Elkhorn and Buffalo 
Fork, which ate paved with water-worn bowlders, and interspersed with 
meadow-flats and willow-fringed beaver-ponds, projects a tongue of low 
Tertiary upland, which is enveloped in a heavy mantle of drift-like de- 
posits. There is also here found a deposit which seems to be of Qua- 
ternary age, composed of yellow earth and pebbles arranged in layers, 
sometimes forming a homogeneous mass, the surface strewn with bowld- 
ers. In places, as in the bluffs on Elkhorn Cafion, and elsewhere in this 
upland, a dark brown soil deposit is observed, probably the slow accu- 
mulation during the time the waters of the Snake occupied a much 
higher level than at present. 

The incipient terraces which are to-day in process of formation over the 
wide-spreading beds of some of these little streams offer most interest- 
ing subjects to detain the observer. We heresee going on, in miniature, 
the same fluvial actions to which are ascribed the various phenomena 
observed in connection with the terrace formations of more ancient date. 
But these later manifestations show the impotency of the currents of the 
present streams, even in times of freshet, to wield the heavy materials 
in their path; hence their channels. show a tendency to spread laterally 
instead of confining and deepening their beds in the loose materials over 
which they flow. 

Above the Gros Ventre we encountered the remains of a ditch, which, 
it is said, was constructed some six or seven years ago for the purpose of 
conveying water to some placer mines openedin the gravels in the lower 
bottom level. What success attended this enterprise we are unable to 
learn. ‘Prospect pits” were found at several places in the valley, 
which is periodically resorted to by small parties and solitary individuals 
in quest of gold and adventure. Possessing a fertile soil and an abun- 
dance of water, nought but its northern latitude (near the 44th parallel), 
its altitude (6,500 feet), and the consequent shortness of the season, pre- 
vent this becoming a prosperous agricultural district. During the time 
of our visit (latter part of August) heavy frost was of daily occurrence, 
ice forming an eighth of an inch thick overnight in the camp utensils ; 
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indeed, more agreeable temperature was experienced at our mountain 
bivouacs than in the valley. The pasturage, however, is excellent; and 
at seasons the woods and plains are stocked with game; elk, deer, ante-. 
lope, and bears abound, while in the forests two or three kinds of grouse 
are found, and the streams afford abundance of large, delicious trout. 

Just within the mouth of the Gros Ventre Valley several small rivulets 
of warm, slightly saline water were discovered flowing into the stream 
on either bank. They are fed by springs which appear in marshes in 
the bottom land half a mile or so above the point where the river enters 
Jackson’s Basin. The inflowing spring waters seem to perceptibly 
raise the temperature of the river water below the point where they 
issue into the Gros Ventre, from which it may be inferred their volume 
is considerable. These springs probably have their sources in, or issue 
from, the Carboniferous limestone, bluffs of which line either side of the 
narrow valley at this point. ; 

Sedimentary and volcanic rocks —We now come to certain small and 
isolated areas of oldér sedimentary formations properly belonging to the 
basin, and in the brief subjoined notice will also be included mention of 
such comparatively inconspicuous voleanic deposits as are met with in 
patches disconnected from the great flows which hem in the head of the 
valley to the north. 

In the somewhat narrowed southern half of the basin two groups of — 
low, grassy hills rise from the plain to the height of a few hundred feet, 
and.which are chiefly conspicuous for their isolation. These are known 
as the Upper and Lower Gros Ventre Buttes. The lower and larger 
group lies between the Snake and Little Gros Ventre Creek, just below 
the confluence of Gros Ventre River, and consists of a series of low hills 
_ penetrated by narrow, shallow, parallel depressions, ina northerly and 

southerly direction, or corresponding approximately to the direction of 
strike of the sedimentary deposits which enter largely into their compo- 
sition. At the northwest the hills culminate in a bolder eminence in 
which dark, rusty volcanic ledges appear, extendiag southward in a low 
spur. These Professor Bradley found to consist of “red, gray, black, 
brown, and variegated porphyritic breccias, including much jasper, but 
partly porous, loose-textured, and even ashy. The beds are much dis- 
torted, but have a general northwesterly dip.” Similar deposits were 
noticed rising gently southeasterly in the eastern portion of the group, 
where they are underlaid by heavy deposits of dark-weathered limestone, 
probably of Quebec age. The latter beds appear in the steep bluff along 
the west side of the Little Gros Ventre, facing a prominent spur of the 
Gros Ventre Mountains, which juts out into the valley at this point, the 
beds dipping at a moderate angle northwestward. At the south end 
of this group Professor Bradley observed in alow sharp butte horizontal 
beds of gray limestone, which were compared with the Carboniferous. 
The interval between the east and west portions of this group comprises 
a shallow undulating depression, which may be partially filled with soft 
Tertiary deposits, over which is spread a mantle of Post-Tertiary mate- 
rials. 

About eight miles northeastward of the above buites, a similar but 
smaller cluster, called the Upper or North Gros Ventre Buttes, oecu- 
pies the interval between the Snake and Gros Ventre Rivers. In the 
northern and higher portion of this group Professor Bradley saw ex- 
posed a fair representation of the Paleozoic series of the region, con- 
sisting of “ gray quartzitic sandstones, which are probably of Potsdam 
age,” overlaid by conglomeritic limestones so characteristic of the Que- 
bee Group, as developed in the Téton Mountains, and these in turn fol- 
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lowed by limestones abounding in Carboniferous fossils. The latter de- 
posits, which exhibit the best exposures, dip N. 56° E., at an angle of 
about 70°. In the west face of the butte Professor Bradley mentions 
the occurrence of “ Post-Tertiary whitish sandstones and marls, inclos- 
ing fragments of limestone and chert, but no fossils, of which all the 
southern part of the butte is composed.” As seen from the hills to the 
northeast, these light-colored deposits apparently form a low outlier on 
the northeast flank of the butte, while the southern spur of the butte is 
apparently made up of brown deposits with indurated layers, dipping 
in the same general direction as the other Tertiary deposits, or north- 
westwardly. 

In the space included between the Gros Ventre River and the west- 
ern foot of the adjacent mountains of the same name, to the southeast 
of the Upper Gros Ventre Butte, a considerable area is occupied by low, 
beautifully curved grassy hills, 500 to 700 feet above the Snake, and 
which are connected with the mountain border by a shallow depression 
or saddle. This area is intersected by parallel depressions having a 
northeasterly and southwesterly general direction, on the crest of one of 
the highest ridges of which was located Station XLV, commanding an 
extensive and beautiful view of the southern portion of the basin and 
the majestic peaks of the Tétons. These hills appear to be made up of 
light ash-colored, marly clays and dark, shaly deposits, with bands of 
soft, more or less porous, thin-bedded, cream-colored limestone. There 
may also be arenaceous beds, but the prevalent colors are as indicated. 
Near Station XLV the limestones outcrop in the brow of one of the east 
ridges, where they dip 30°, W. 25° N. Although diligent search was 
made for organic remains in these deposits, none were found, save afew 
indistinct molds of tubular bodies; but in their lithological characters 
they strikingly recall the late Tertiary deposits occurring in the south- 
western section, in the Blackfoot Valley and near Fort Hall. These de- 
posits extend across the depression east of Station XLV, and appar- 
ently recline on the foot of the mountain, which is here flagged with 
heavy-bedded magnesian limestones, either of Carboniferous or Niagara 
age, as though their inclination was determined by elevatory forces sit- 
uate in the Gros Ventre Range, though it was not the same force that 
folded the more ancient deposits, as is shown both by their strike and 
more northerly inclination, as well as their evident non-conformity. To 
the south of the latter locality these Tertiary deposits rest upon Quebec 
Group limestones, while to the north they successively lap wp on Car- 
boniferous, the Triassic (?) ‘‘red beds,” and finally appear to merge into 
the older Tertiary in the western foot-hills of the Mount Leidy Group, as 
will hereafter be described. 

To the north of the debouchure of the Gros Ventre these Tertiary de- 
posits are far less conspicuous within the limits of the basin proper, 
although they appear here and there from beneath the terrace accumula- 
tions, Indicating their subjacent presence. Professor Bradley, however, 
mentions in the vicinity of the confluence of Buffalo Fork and the Snake 
exposures of “gray and buff, fine-grained, shaly sandstones of indeter- 
minate age, dipping sharply to the southeast,” though at one point the 
“(lips are much confused.” At the lower end of Jackson’s Lake, he re- 
marks the oceurrence of “high knobs of porphyries and trachytes, which 
indicate, by their position, at least a former connection with the more 
northern beds, which were traced to within five miles of the northern 
end of the lake.” Seen from the opposite side of the valley, to the south- 
east, these knobs have the appearance of a cluster of buttes occupying 
the interval in the eastern bend of the Snake. In the abrupt eastern 
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face a heavy ledge of dark-brown rock shows a conspicuous band, dip- 
ping westward at a moderate angle, apparently inclosed in brown earthy 
deposits. It may be that the indurated dark ledge is an intrusive sheet 
of volcanic material; but the brown inclosing deposits recall similar-look- 
ing beds in the south spur of the Upper Gros Ventre Butte, while the 
latter may possibly prove to be identical with extensively exposed brown- 
ish deposits in the neighboring hills to the northeast of the Snake, and 
which also occur in the Mount Leidy Group to the southeast. | 

A few hundred yards west of Station XLV II, which occupies alow drift- 
covered ridge on the south side of Elkhorn Valley, a low knoll near the 
end of the ridge, 300 or 400 feet high, is crowned with an isolated mass of 
dark-green voleanic rock, weathering reddish like trachyte, though it is 
porphyriticin character. Itshows more or less distinct bedded structure, 
and dips to the northwestward at angles of 15° to 20°. It seems very 
probable that this ledge may be identical in character with the before- 
mentioned dark-brown ledge in the butte south of the outlet of Jackson’s 
Lake, with which it also agrees in the direction and angle of inclination; 
but at ‘the present locality the character of the inclosing deposits was 
not ascertained. Its position, however, indicates that it either belongs 
to a flow overspreading or alternating with sedimentary materials, or 
a sheet of voleanic matter intruded between the layers of sedimentary 
deposits. 


THE GROS VENTRE RANGE. 


The belt of highlands known under the several appellations Gros Ven- 
tre, Green River, and Wyoming Mountains forms a well-defined moun- 
tain range extending westward from a point about opposite Union or 
Warm Water Pass, in the Wind River Mountains, 40 to 50 miles, when it 
terminates in an exceedingly rugged mountainous region overlooking 
Jackson’s Hole, above the Grand Caiion of the Snake. Its width here, 
including the area between the Gros Ventre on the north and Hoback’s 
River on the south, is in the neighborhood of 20 to 25 miles; but to the 
east it apparently narrows, and at the same time appears to be less scored 
with profound gorges such as have been carved out of the western por- 
tion. This western front presents a variety of topographie and geologi- 
cal features, such as find ready explanation in the nature of the compo- 
nent rocks; almost ideally perfect Archean peaks and rounded abrupt- 


_ terminating spurs, contrasting with the peculiar sweeping foreland and 
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block-like craggy-weathered summits, of scarcely inferior altitude, fash- 
ioned out of uplifted sedimentary formations. This broad western end 
of the range is deeply penetrated by the Little Gros Ventre, which, with 
the attendant erosion of numerous lateral ravines, has unlocked a vast 
extent of the interior portion of the range, revealing for satisfactory 
study its general structural features. As our own examinations were 
confined to this part of the range, we may be permitted to repeat with 
some minuteness the observations there made. Of the southern flank, 
or that belonging to the drainage of Hoback’s River, we can.only speak 
in general terms; but of the region to the east, on the headwaters of 
Green River, and also on the opposite slopes descending to Gros Ventre 
River, we have in the report of Dr. Hayden of Capt. W. F. Reynolds’s 
expedition (1860) many and most important details respecting the char- 
acter and distribution of the geological formations in that quarter. 
Approaching the range south of the debouchure of the Little Gros 
Ventre, the long foreland slope is lagged with Quebec Group limestones, 
with here and there remnants of heavy-bedded magnesian limestone, 
the latter appearing in greater force in the foot-hill benches to the north, 
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where it replaces the Quebec in the mountain-flank. To the south, how- 
ever, a high Archean spur, carrying on its ridge a plating of quartzite, 
and probably, also, Quebec limestones, breaks the continuity of the fore- 
land slope and abruptly terminates in steep declivities facing the east- 
ern escarpment of the Lower Gros Ventre Buttes. To the south of this 
spur a few miles, as we shall see presently, the mountains are largely 
made up of an enormous development of red deposits, sandstones and 
arenaceous shales, beneath which Professor Bradley noted the occurrence 
of limestones, probably of Carboniferous age, which, still farther south, 
merge into the Carboniferous deposits at the head of the Grand Cafion 
of the Snake. 

Passing up over the foreland north of the above-mentioned spur to 
the summit of the isolated peak on which Station XLIV was established, 
the northwest flank of the mountain exhibits the section shown in the 
accompanying plate. At the foot of the ascent, the Quebec limestones 
show in ledges lapping up on the slope. They consist of (3 ¢) drab, even 
and thin-bedded, rough-weathered, fragmentary layers, underlaid by 
(3a) asimilar heavy ledge, separated by (3 b) bluish-drab, partially indu- 
rated shales, all dipping 25° to 35°, W. 50° N. In the deeper ravines 
ledges of rusty-red quartzite and hard, laminated, reddish-buff and 
pale pink and cream-colored sandstones appear (2) dipping 30° to 40° 
northwestward, and which, higher in the slope, form the crest of the 
ridge along the north side of the cation which rises in Station XLIV, 
separating this from the before-mentioned high Archean spur. The 
latter deposits hold the position of the Potsdam quartzites. Still higher 
in the slope a slight fold in the strata was observed, and just beyond 
this a limited outcrop of (4) light buff magnesian limestone occurs, in 
which a few very imperfect fossils were found, crinoidal remains and 
Hemipronites-like brachiopods. This, doubtless, is a remnant occupying 
a slight sag in the undulating strata, and, judging from its lithological ap- 
pearance, it may either belong to the Niagara or Carboniferous. Above 
the latter exposure the surface shows immense quantities of quartzite 
debris, and, as we ascend, gneissic fragments become more and more prev- 
alent, until, finally, their native ledges are reached in the immediate 
foot of the peak of Station XLIV. The angular quartzite and but little 
abraded gneissic débris is piled in huge ridges, like morains, which, for 
the most part, are covered with a dense forest of pines. 

The northwest face of the mountain shows an amphitheatre,in the bed 
of which deep banks of snow lay, from which trickled pretty rivulets, 
watering cosy mountain meadows dotted with the many hued blossoms: 
of tiny, moss-like plants. A sharp Archean spur defines the eastern 
wall of the amphitheatre, its crest weathered into pinnacles, and but- 
tressed by the peculiar weathered forms common to these rocks. Their 
bedding is much contorted and obscure, though it appears. to dip mod- 
erately northeastward. 

Ascending the abrupt-falling western spur leading to the summit, 700 
to 800 feet higher, heavy blocks of a light-gray quartzose gneiss are en- 
countered, showing breakage or cleavage structure in two marked planes, 
the one inclining north at an angle of 40°, and the other 8. 45° W., at 
angles of 70° to 80°, the laminated structure being extremely obscure, 
and only as seen in mass does it exhibit what appears to be the true 
bedding, inclined as before stated, northeastward. The process of deg- 
radation by which these hard Archean rocks are reduced to the condi- 
tion of finely pulverized soils is well displayed at this locality ; and 
wherever a little platform allows the retention. of the soil thus derived, 
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Alpine plants spring up, which have contributed vegetable matter and 
transformed the little basins into accumulations of rich loam. 

At a point near the summit reddish gneiss appears dipping about 
W.N. W. at an angle of 20°. It is overlaid by a grayish-white intensely — 
hard quartzite, which shows at one point an inclination N. 30° E., at 
angles of 35° to 40°. A few yards south of the summit the white quartz- 
ite dips 15°, S. 45° E. It is conglomeritic in places, laminated and 
cross-bedded, pinkish above and below, probably the prevalent color, 
attaining an exposed thickness of at least 50 feet. The summit of the 
mountain is a confused mass of angular blocks of this rock, in which a 
few obscure fucoid-like markings are observable. Intercalated between 
the quartzite and the gray gneiss occurs a layer of beautiful pink-red, 
very quartzose gneiss, like that mentioned in the northwest side. There 
are many varieties of gneissose and schistose rocks in the mountain, in- 
tersected by granitic and quartz veins, and these deposits have been 
much broken up and recemented, forming a sort of coarse breccia. From 
the above will readily be inferred the greatly-disturbed condition of the 
Archean nucleus of this portion of therange. As time did not permit 
carrying our work into the heart of the range, to make up for the de- 
ficiency as far as possible, a rather detailed notice of the geological ap- 
pearances presented from this elevated outlook is here appended. 

Station XLIV attains a height of about 4,000 feet above Jackson’s 
Basin, and is the westernmost culminating peak of the range, situate 
about midway between the Gros Ventre and Hoback’s Rivers, command- 
ing extended views of.the surrounding country. From the north, east, 
round to the south, the Gros Ventre Mountains are spread out in a 
grand panorama; the remainder of the circle comprehending the Tétons 
and the beautiful plain of Jackson’s Basin, with, to the north, part of 
the low, much eroded tertiary hills that occupy the angle north and 
east of the Buffalo Fork and Snake River. To the northeast, about 
eight miles distant, the western foreland sweeps up from the level of 
Jackson’s Basin into the shattered sedimentary crown of Station XLVI, 
which, with its easterly continuation, shuts out the view to the north- 
ward, save here and there loftier distant mountain crests. Intermediate, 
perhaps one to two and a half miles from XLIV, a lower but still high 
ridge shows heavy ledges of Quebec Group limestones, capped by the 
more massive-bedded limestones, probably of Niagara age, the base of 
the sedimentaries being composed of the Primordial quartzites, whose 
rusty-reddish débris strews the lower declivities descending to the light- 
eray Archean floor of the amphitheatre which separates the latter ridge 
from Station XLIV. 

_ This ridge is abruptly terminated on one of the tributary branches of 
the Little Gros Ventre from the south, and just beyond a glimpse is 
caught of a low crown protruding in the slopes facing Station XLVI, 
which also appears to be composed of Archean rocks, the sedimentaries 
having been denuded over an inconsiderable area. The ground here 
referred to constitutes one of those great tilted blocks of sedimentary 
strata, the exact counterpart of the foreland on the west flank of the 
Téton Range, the slope descending gradually to the level of Jackson’s 
Basin, the strata dipping at a somewhat steeper angle in the same di, 
rection, so that, in the debouchure of the Little Gros Ventre, the heavy- 
bedded, rough-weathered magnesian limestones, Niagara or Carboniter- 
ous, appear in uplifted outliers in the foot of the mountain. There is, 
however, this distinction: that, in the western flank of the Gros Ventre 
Range, besides the. great uplift, the strata were thrown into quite con- 
spicuous minor folds, which will be noticed more at length further on. 


PLATE Xl. 
Section across the Gros Ventre Mountains, through Station XLIV. 
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To the northeast of Station XLVI, in the opposite face of the deep 
broad gorge in that direction, the strata, Carboniferous, form alow arch. 
. Following along this high ridge, which is apparently the same that 

forms the north flank of the range along the south side of the mountain 

-course of Gros Ventre River, to a point about east-southeast of XLVI, 
the escarpments defining the deep drainage channels reveal at intervals 
magnificent sections of the sedimentaries in connection with a remarkably 
uniform uplift which appears to hold about the same magnitude through- 
out the extent indicated, as seen from Station XLIV. Along the south 
or southwest flank of this fold the strata plunge steeply, in places vertical, 
elsewhere flagging gigantic ridges. But in the opposite slope the same 
deposits dip much more gently in the direction of the Gros Ventre Val- 
ley, and appear to be faced with an extensive development of ‘red 
beds,” whose edges often appear in the crests of the huge ridge, which 
shows in places the whole Paleozoic series, even the Archean nucleus 
appearing in low outliers in the bottom of the intermontane valley. 

The northwestern terminus of this anticlinal fold, or such as the erosion 
of Jackson’s Basin has determined it to be, apparently lies to the south 
of the débouchure of the Gros Ventre River, where its appearance will 
be described in connection with the notice of the observations in the 
vicinity of Station XLVI. In this part of the range the lower interme- 
diate ridges to the eastward are mainly made up of the Silurian limestones 
and quartzite. The former show the rusty weathered exposures so 
characteristic of the Quebee Group beds in the Téton Mountains, while 
the superimposed magnesian limestones are accompanied by overlying 
red-stained limestones with shaly partings so frequently associated with 
the exposures of the Niagara and the inferior member of the Carbonif- 
erous in the same region. These strata dip gently to the east or north- 
eastward off the crest of the uplift, whose axis at one point culminates 
near the present summit of Station XLIV. 

Towards the southeast these beds gently rise, where they appear low 
on the slope descending from a still more lofty and rugged Archean 
peak some five miles about south-southeast of Station XLIV. <A very 
regular deep saddle connects this peak with XLIV, which bears for 
a part of the way a covering of Silurian beds dipping quite steeply south 
or southeastward, in which direction they are followed by the Car- 
boniferous limestones, and in the extremely broken region still beyond, 
stretching across what has the appearance of a profound narrow valley 
which here intersects the mountains, an enormous development of pale 
and deep-red strata occurs, the structural features of which, however, 
it was impossible satisfactorily to make out. 

On the northeast flank of this high Archzean peak an interesting flexure 
in the Primordial rusty buff beds. is finely displayed, the nucleal rocks 
showing all the peculiar features of weathering characteristic of the 
Archean series. This latter fold is in line with the above peak and 
Station XLIV, and doubtless pertains to the same general uplift. The 
Station XLIV ‘uplift differs from that previously mentioned a few miles 
to the northeast, and with which it is probably more or less parallel, in 
the less regular distribution of the forces that caused the disturbance, 
and which, but for the immense erosion which has bared its real char- 
acter, might be mistaken for so many local quaquaversals or a bulging 
of the sedimentary beds. While, indeed, a section carried along the 
saddle from one peak to the other represents a broad synclinal depression 
filled with sedimentary deposits, a transverse section across the saddle 
ridge also reveals its anticlinal structure, and at the same time its probable 
intimate relations to the culminating peaks which mark the sites of the 
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ne intense manifestation or local concentration of the same elevatory 
orces. 

Mention was made of the great spur to the west of Station XLIV, 
whose abrupt terminus fronts the eastern escarpments of the Lower 
Gros Ventre Buttes. This ridge is seen to be heavily burdened by the 
older sedimentaries which occupy a shallow sag between the above- 
‘mentioned saddle and its high western point, which latter appears to be 
partially flagged with quartzite, and corresponds to the sharp fold 


noted in making the ascent of the foreland ridge north of this spur, | 


Hence, it would seem very probable that we have here another and 
parallel uplift which culminated in the great spur, to the northwest of 
which it is far less conspicuous, and may gradually diminish and finally 
die out; in the opposite direction its character could not be clearly ascer- 
tained. All these folds have a general parallel arrangement, trending 
about southeast and northwest, approximate. 

Along the northern or northeastern border of the range, there appear 
the edges of great blocks of tilted strata, showing the gray of the Car- 
boniferous limestones, and the peculiar colors of the “red bed” series, 
the disposition of which is exactly that of their occurrence in the north- 
east flank of the Wind River Range, whose snow-covered domes just 
rise to view far away to the south of east. Southeastward of the high 
Archean peak, the main crest of the range, or such it appears to be, 
along the southern border, is soon surmounted by the sedimentaries, 
quartzite, and Quebec Group limestones, which dip gently northeastward 
into the depression at the foot of the great northern fold. The southern 
flank of this crest was at no point visible, so that we do not know 
whether it presents an abrupt pitch of the strata similar to the corre- 
sponding flank of the northern fold, or the beds more gradually descend 
into the basins at the heads of Hoback’s and Green Rivers, in which 
latter, to the eastward, in the neighborhood of Union Pass, Dr. Hayden 
found extensive developments of the Tertiaries rising high up on the 
western flank of the Wind River Mountains. 

To the south-southeast the view embraces a vast extent of haze-obscured 
country, devoid of prominent orographie features, and which evidently 
belongs to the Green River Basin. To the south and south-southwest 
massive mountain ridges define the horizon, their summits showing’ large 
patches of snow, and which form the southern extension of the Snake 
River Range between Hoback’s and Salt Rivers. From the eastern 
border of this mountain belt a dark, even-crested, gradually diminishing 
ridge extends far out into the above-mentioned basin region. It resem- 
bles the great volcanic plateau slopes north of the Téton Range, but 
Dr. Peale, in whose district it lies, found it to be made up of Green River 
and Wasatch Tertiary. The Snake River enters the Grand Cation to the 
south-southwest, and is soon lost amidst a labyrinth of deep gorges and 
rough mountainous country. Southeast or east of the upper entrance 
the Grand Caiion a rather low but very broken group of mountains, 
traversed by rugged gorges tributary to the Snake, seems to be entirely 
composed of deep red strata, disposed in broad belts, beyond which are 
seen grayish deposits in the main mountain crests, which are probably 
Carboniferous limestones, upon which the red beds rest. The latter are 
the deposits mentioned by Professor Bradley as forming three well de- 
fined anticlinal folds in the upper third of the Grand Cation below the 
mouth of Hoback’s River. The trend of these anticlinals is, however, more 
to the south than that of the Gros Ventre folds, giving rise to the narrow 
triangular area which separates the latter from the Snake River Range. 
In the belt belonging to the southern or southwestern flank of the Gros 
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Ventres there are indications of a sharp anticlinal fold, by which the 
red beds are lifted into high crests north of Hoback’s River, but which 
may prove to belong to the southeastern extension of the before-men- 
tioned fold west of Station XLIV. 

The relations of the folds and involved sedimentary formations ob- 
served by Professor Bradley in the Grand Caion of the Snake to similar 
phenomena and stratigraphical elements met with in the northwestern 
extension of the Snake River Range have been briefly discussed in a 
preceding chapter. The relative age of mountain elevation is always a 
subject of prime importance, and, in a region like the present, it is sure 
to draw the attention of the observer to every fact which seems to have 
a bearing, near or remote, toward the solution of a problem which is so 
constantly before the mind. In this connection, it seems as though we 
have in‘the disturbed late Tertiary deposits within the area of Jackson’s 
Basin at least a hint as to the comparatively modern date of the eleva- 
tion, or one of its latest phases, of the Gros Ventre Range, and, inferen- 
tially, the relatively more remote date of the disturbances which resulted 
in the upheaval of the Snake River Range to the southwest. The evi- 
dence here observed is almost precisely the same as that furnished by 
the variegated Tertiary deposits in the lower valley of the Snake on the 
opposite side of the latter range, which lie tilted unconformably, on the 
border of the opposed Caribou Mountains. 

As has before been mentioned, our knowledge of the geological struc- 
ture of the eastern portion of the Gros Ventre Range is derived from the 
observations of Dr. Hayden, in 1860.* Dr. Hayden mentions, on the 
upper waters of the Gros Ventre, extensive developments of lignite- 
bearing Tertiary deposits, and lower down the valley successively ap- 
pear Cretaceous, Jura, and Triassic deposits, which recline on the north- 
ern flank of therange. The Mesozoic formations doubtless pass out into 
Jackson’s Basin, north of the débouchure of the Gros Ventre, where, how- 
ever, they are covered by late Tertiary beds, and even in the rounded 
foot-hills on the border of the basin they are so concealed beneath detrital 
materials as to escape detection. 

The distribution of the late Tertiary deposits in Jackson’s Basin has 
already been alluded to, as also their upraised position on the flank of 
the mountain north of the point where the Little Gros Ventre leaves the 
hills. This mountain border exhibits the heavy-bedded, rough-weathered 
magnesian limestone, so like the Niagara, but no fossils were observed here 
by which its age might be established with certainty. As we pass north- 
ward, however, these beds are lost to view in a recess a few miles south of 
the debouchure of the Gros Ventre, but soon reappear, and finally pass be- 
neath the Carboniferous deposits across which the stream has eroded a nar- 
row valley in its passage into the basin. The latter deposits, as exposed in 
the south angle of the debouchure, are made up of dark-brownish drab, 
porous, magnesian limestone, dipping 15° to 20°, N. 5° E. It occurs in 
heavy beds, and would make an excellent building material. It weathers 
much like the buff magnesian limestones referred to the Niagara, from 
which it is distinguished both by its darker color and the prevalence of 
crinoidal columns, a Spirifer and Hemipronites crenistria, all Carbonifer- 
ous forms. These magnesian beds are overlaid by dark-gray limestone, 
also charged with Hemipronites and a small Atiaris, &e., and which ap- 
pear in a low bluff escarpment on the opposite side of the stream a short 
distance above, dipping in the same direction, and overlaid in turn by 
light-gray limestones rising up on the northern flank of the Gros Veutre 
Mountains. These exposures are often covered with a lichen-growth, 


*Reprint, Report U. 8. Geol. Survey, 1872, chap. I. 
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which gives to the ledges a beautiful orange-reddish tint seen at a dis- 
tance. . ; 

Looking up the Gros Ventre Valley, the limestones are soon succeeded. 
by a heavy series of red arenaceous deposits, which continue several miles 
along the north side of the stream, and which, in part at least, are the 
same mentioned by Dr. Hayden. This point was also visited by Profes- 
sor Bradley, who reports the following section a short distance within 
the valley, on the north side: 


Section in the debouchure of the Gros Ventre Valley. 


“1, White, friable, false-bedded sandstones, 10 feet. 

“62. Covered space, about 100 feet. 

“3. Irregularly-bedded, pale-gray and buff, partly bituminous, mag- 
nesian limestones, 50 to 60 feet. 

“4, Pale-red friable sandstones, darker and shaly below, 300 to 350 
feet. 

“5. Compact, fine-grained, gray sandstone, 15 to 20 feet. 

‘““6, Brown, coarse, friable, false-bedded sandstone, 60 to 80 feet. 

“7, Coarse, friable, red sandstone, 40 to 50 feet. 

“8. Compact, dark-drab, fossiliferous limestone, 300 to 400 feet.” 


The bed No. 1, Professor Bradley refers to the late Tertiary ; No. 3 is 
provisionally referred to the Jurassic, although no fossils are observed 
in this horizon; No. 4, Triassic; and No. 5-8, Carboniferous. 

The second and last visit to the higher portions of the range was made 
in the ascent of the mountain chosen for the topographical Station, . 
XLVI. This occupies a commanding summit at the northwest end of 
the range, about 10,500 feet above sea-level, from which the view over- 
looking the lower portion of the Gros Ventre Valley, and a part of the 
Little Gros Ventre Valley in the opposite direction, is particularly in- 
teresting and instructive. Keeping the crest of the main foreland ridge, 
the way lies over Carboniferous deposits the whole distance between the 
foot of the spur just south of the debouchure of the Gros Ventre and 
the summit, along a general southeast course of about six miles. The 
‘first two miles is a rather steep ascent of about 2,500 feet, flagged with 
light and dark-drab cherty limestone, with hard brittle siliceous layers. 
The limestone contains numerous characteristic fossils, conspicuous 
among which are the usual forms of Zaphrentis. Gaining the north- 
west shoulder of the spur, the remainder of the way lies along the broad. 
crest of the ridge, with a gradual and quite uniform rise to the foot of 
the culminating peak, the last 400 feet in the ascent being abrupt. 

The southern or southwestern slope of the ridge is deeply furrowed by 
numerous short ravines tributary to the Little Gros Ventre, that render 
this aspect exceedingly broken; but on the northeast the slope is more 
gradual, although it is also much cut up by drainage channels, fall- 
ing with the dip of the strata, which is a little east of north, though 
the direction is variable, at angles of 15° to 30°. Tor a considerable 
distance the crest of the ridge nearly corresponds to the strike of the 
limestone strata, when it bears a little more to the south, and at the 
same time rapidly rises into the bare Alpine heights, where the fir trees 
are gathered in beautiful clumps, and the soil, based upon remnant - 
patches of red arenaceous deposits, decked with many bright blossoms. 

The summit of the mountain forms a short north-south ridge, rounded 
on the west side to the escarpments of the buff-gray magnesian lime- 
stones which skirt this side of the mountain, overlooking the gorge-like 
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valley of the Little Gros Ventre, and which are so well displayed from 
Station XLIV. The northeast face of the peak breaks down in sheer 
precipices of dark-weathered limestone into an amphitheatre, which is 
divided into two nearly equal parts by a huge buttress that projects 
from the main peak, carrying on its erest curiously weathered pinnacles 
and towers of limestone, terminating in a conical point. The amphithe- 
atre is filled with banks of snow, which feed the tiny lakelets that nestle 
at the foot of the débris slopes. To the east the peak is rent and fis- 
sured by the action of the elements, placing an almost impassable bar- 
rier between the station and the lower crest in which the mountain 
ridge is terminated above the saddle separating the drainage of the two 
Gros Ventres. 

The summit of the peak is strewn with angular limestone fragments, 
which, in places, are tumbled into funnel-shaped sinks; no erratic 
materials were observed. It is made up of drab limestone interbedded 
with dark brownish-drab magnesian layers and yellowish weathering 
deposits in the lower portion, and abounding in fossils, Hemipronites 
erenistria being particularly numerous in certain layers, besides a large 
Spirifer, Athyris, Zaphrentis, &c. These beds dip at an angle of 159, 
W. 30° N. to N.5° W. In the northwest foot of the peak they incline 
at about the same angle, N. 40° E. to N. 5° W., and at one place bulged 
up into a slight anticlinal or undulation, with a westerly dip of about 
10° on the ene flank. 

In the sloping ridge which forms the western wall of the gulch that 
flows down to the Gros Ventre to the northward, the Carboniferous 
limestones are overlaid by a series of arenaceous deposits, consisting of 

“intensely hard, pinkish siliceous beds and hard, laminated, grayish, 
reddish-stained sandstone, including bands of red and yellowish sandy 
shales, which impart to the exposures so strong a Triassic aspect. But 
these deposits are precisely like the upper beds of the Carboniferous in 
the Téton and Snake River ranges to the west, in which latter region 
they are known to be succeeded by later-formed limestones, whose or- 
ganic remains establish their Carboniferous age. These Carboniferous 
red beds are doubtless identical with the lower red-bed series in the 
debouchure of the Gros Ventre, which were described, as above quoted, 
by Professor Bradley, where they were estimated at 400 to 500 feet 
in thickness. The same beds also appear in the east side of the above- 
mentioned gulch, capping the limestones, which slope off at a moderate 
angle northward in the declivity which forms the Gros Ventre or north- 
ern face of this part of the range; and still farther east a heavy mass of 
deeper red-colored strata appears, borne upon the flank of the moun- 
tain, their edges shown in escarpments facing southward. The latter 
deposits are doubtless the same as those noticed by Dr. Hayden in the 

valley of the Gros Ventre, where they are associated with thin bands 
of gypsum. 

To the southeast this northern barrier ridge shows a sharp fold, the 
limestones flagging the south-facing slope, and which probably is part 
of the great fold seen from Station XLIV. It is possible that the belts 
of red deposits seen at various points within the range belong to the 
Triassic “red-bed” series, which were curved over the great fold, but 
which have become quite disconnected from the northern mass through 
the agency of subsequent erosion, which has removed a vast amount 
of sedimentary materials over the central portion of the range. The 
northerly inclination of the Carboniferous deposits carries them beneath 
the level of the Gros Ventre, along the north side of which appears a 
line of beautifully-eroded bluffs, showing a thickness of several hun- 


456 REPORT UNITED STATES GEOLOGICAL SURVEY. 


dred feet of deep-red arenaceous deposits banded with lighter tints, 

which extend several miles along the stream, and to the east probably 

rise up on the mountain flank, where they present the escarpment expo- 

sures lapping up on the Carboniferous deposits, as mentioned above. 
Remnants of these “red beds” may also occur on the northeast flank 

of Station XLIV ridge between the summit and the debouchure of the 

Gros Ventre, but, approaching the latter point, they have been swept 

away, the Carboniferous forming the whole mountain side, and extend- 

ing even beyond, where they form a narrow belt on the north side of 
the stream. 

The apparent nature and distribution of the formations which sueceed 
and overlie the “red beds” to the north, as made out from this point, 
will be noticed in a succeeding page relating to the Mount Leidy region. 
Tothe south and southwest the view embraces the Silurian-capped heights 
of the foreland between Stations XLVI and XLIV, and round to the 
southeast the foreshortened southern flank of the north barrier and the 
complicated, much-eroded interior portion of the range penetrated by 
the ramifications of the drainage of the Little Gros Ventre. 

In the opposite or south side of the Little Gros Ventre Valley a tum- 
bled mass of rusty quartzite or quartzitic sandstone was observed, which 
lower down appears in the broken southern slope of Station XLVI ridge, 
where it forms a more or less well-defined low ridge, which terminates 
to the northwestward in the recess at the foot of the mountain about 
opposite Station XLV. This ridge is very like that on the north side of 
the cation descending from Station XLIV, being composed of broken 
angular fragments of the same hard quartzitic sandstone. In the steep 
bluffs immediately north of the end of this ridge highly tilted ledges of 
light-buff, reddish-tinged, laminated sandstones were observed, dipping 
southwestward at an angle of about 70°. These sandstones, in connec- 
tion with the apparently overlying quartzitic sandstone, form a heavy 
deposit, which rises up into an anticlinal fold in Station XLVI ridge, 
with sharp dips on the southwest, but much more moderate inclination 
on the northeast flank. The above steeply-tilted sandstones are believed 
to be Primordial. In this vicinity were observed débris exposures of 
thin-bedded, peculiarly weathered limestone, recalling the Quebec Group 
beds, and heavy ledges of buff magnesian limestone, holding the position 
of the Niagara, appear in the neighboring heights. This locality is be- 
tween two and three miles about south-southeast of the debouchure of 
Gros Ventre River. The nearly northwest trend of the axis of the fold 
carries it out into the region of Jackson’s Basin to the south of that 
point, where all these strata have been greatly denuded and covered by 
depositions of late Tertiary age. 

Sections illustrative of the foregoing observations on the geology of 
this region are given in the accompanying diagrams. 


THE MOUNT LEIDY HIGHLANDS. 


North of the Gros Ventre Mountains there occurs a rather wide belt 
of highland and upland plateau, about twelve by twenty miles in extent, 
which is limited on the south by the Gros Ventre River, on the north by 
the Buffalo Fork and Black Rock Creek, on the west by Jackson’s Basin, 
and to the east it rises into the continental watershed of which it forms 
the western flank within the limits designated. This area is traversed 
nearly centrally by a very irregular low mountain ridge or water-divide, 
which culminates in two conspicuous summits of nearly equal altitude, 
to the westernmost of which the Snake River expediticn of 1872 gave 


PLATE XLI. 


Section in Station XLVI ridge, northwest extremity of the Gros Ventre Mountains. 
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the name of Mount Leidy, in honor of the distinguished comparative 
anatomist, and which may be used to designate the well-defined high- 
land region of which it forms so prominent a topographic feature. or 
so moderately elevated a region its surface features are exceedingly 
broken and diversified. The plateau-like uplands are cut by narrow 
drainage channels, and the higher ridges are carved into the most intri- 
cate forms by the erosive action of atmospheric agents. These features 
offer marked contrast to the massive mountain topography of the region 
we have just left, and this finds ready explanation in the equally pro- 
nounced contrast that subsists in the geological features peculiar to each. 
The whole region is pretty well covered with forests of pine and fir; 
indeed, extensive tracts of dense timber are found on the gentler slopes, 
and equally large areas of burnt forests are grown up with an almost 
impenetrable growth of young pines. The upland levels are also thickly 
covered with groves of aspen, interspersed with open grazing-lands. 
The steeper mountain summits are generally perfectly nude, while the 
lower ridges show frequent lines of blufts in which the strata are revealed 
over almost the entire field. Fortunately this cirewmstance was greatly 
in our favor, but for which, indeed, we should have brought away even 
less satisfactory data than what rewarded the very hasty examinations 
which we were compelled to bestow upon the region. 

_ We have already seen that the mountain range to the south of this 
area presents a barrier of uplifted sedimentary formations composed of 
Paleozoic and in part of Mesozoic strata, which dip northward, the 
older deposits indeed showing only a limited area of outcrop north of the 
Gros Ventre River in the vicinity of its debouchure on the border of 
Jackson’s Basin. The Mesozoic formations, however, in the lower course 
of the Gros Ventre Valley, at least, show their full development in the 
immediate vicinity of the stream, extending back, northward, where 
they occupy a narrow belt in the southern flank of the Moynt Leidy 
highlands; but to the eastward they, too, reach southward, and at least 
the “red beds” are carried high up on the northern flank of the Gros 
Ventre Range, as has been already observed. 

With regard to the nature of the geological formations that occur 
toward the sources of the Gros Ventre, the observations made by Dr. 
Hayden, in 1860, have so pertinent a bearing on the subject under 
present consideration, that the liberty is taken to transcribe in full what 
he has recorded on the geology of that section of the country. Under 
date of June 5, he writes:* “We ascended a high ridge, from which 
we could see to a great distance. Looking to the dividing crest of the 
Wind River Mountains, we find the exposed belt of granite to be not 
more than four or five miles in width, and gradually lost in the basaltic 
or eruptive range, which also renders itself conspicuous. The Tertiary 
beds seem to reach fully up to the crest on the west side [in the vicinity 
of Union Pass], and often passing * * * even to the entire divide 
of the mountains. We also see, high up on the flanks of the mountains, 
a full series of the more recent Tertiary beds, with pinkish bands, pre- 
cisely similar to those in the Wind River Valley. These pass up into 
yellow sandy marls and sandstone. I have estimated the entire thick- 
ness of the Tertiary beds on the west side of the mountains at 1,200 to 
1,500 feet. In the lignite beds and vicinity are great quantities of 
selenite and silicified wood. All over the highest hills near the crest of 
the mountains, 10,000 feet above the sea, are the recent Tertiary beds. 


direction of Capt. W. F. Reynolds, Topographical Engineers; Geological Report by F. 
VY. Hayden, 1869. Reprint U. 8, Geological Survey, 1872, chap. I. 
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A large portion of the superficial Tertiary strata incline from Wahsatch 
and Green River Mountains, showing that these deposits were probably 
disturbed at the same time by the uplifts of these ranges. * * So far. 
as we have yet seen, at least fifty miles of the dividing crest of the 
mountains {Wind River Range] are covered with Tertiary rocks.” 

» The Tertiary deposits above referred to Dr. Hayden describes in the 
following terms, under date “June 1.—On the west slope of the Wind 
River Mountains [vicinity of Union Pass| we meet with a thick deposit 
of drift materials, which, as we descended to Gros Ventres Fork, soon 
expanded into a great thickness of recent strata, evidently quite recent 
Tertiary. * * * IJTshould think that this formation had been depos- 
ited after the surface of the country had attained, for the most part, its 
present configuration. The strata consist of loose, fine arenaceous clays, 
the layers contaming more or less arenaceous matter, which does not 
efiervesce, and layers of harder rock, a fine-grained and coarse sandstene, 
and sometimes an aggregation of grains of quartz with ferruginous 
matter and particles of mica. The materials are all evidently derived 
from the vicinity. Some of the masses of rock present a compact, fine 
siliceous structure, and eftervesce feebly.” 

Again, under date “June 4.—To-day the Tertiary strata begin to as- 
sume a good deal of importance. We have the brick-like materials which 
result from the burning out of the lignite beds. ‘There were also masses 
of indurated clay, covered with vegetable remains, and impure lignite — 
beds; indeed, all the indications which the lignite Tertiary beds present 
on the east side of the mountains. The beds are also much disturbed, 
inclining at various angles. The following section of the lignite beds 
was taken here, which will serve to show their resemblance to those on 
the eastern side of the mountains: 

“9, A yellow, fine-grained sandstone and dark-gray limestone with a 
parting of clay. The limestone is quite brittle, breaking into thin lam- 
ine, and contains impressions of dicotyledonous leaves and a distinct 
species of Unio. 15 feet; inclination, 28°. 

‘68, Light-yellow sandy marl. 15 feet. 

‘¢‘7, Impure lignite. 4 feet. 

“6. A series of marly clays, which, when saturated with water, form 
a thick paste, variegated in color. Near the summit, just below the 
lignite, is a thin seam, four to six inches, of hard-shell limestone, with 
the shells in the most comminuted condition. I recognized Unios, Vivi- 
paras, &e., sufficient to show that the deposit is fresh-water. 150 feet. 

“5. Alternate dark-gray and brown-yellow gray, fine sandy and clay 
layers, with some calcareous matter and a few seams of incoherent sand- 
stone, sometimes assuming a concretionary character. 200 feet. 

‘4. Impure lignite and clay. 8 inches. 

“3. Yellowish-gray clay. 4 feet. 

‘¢2. Impure lignite. 6 inches. 

“1, Yellowish clay with some caleareous matter.” 

“The general inclination of these beds is about 20°.” 

These deposits were traced westward down the valley of the Gros 
Ventre, where they evidently pass to the north side of the stream, along 
which Dr. Hayden encountered successively Cretaceous, Jurassic, and 
the arenaceous ‘“‘red beds” of the Triassic, as he descended the valley 
to Jackson’s Basin. The lithologic and paleontological characteristics 
of the latter formations, as described by Dr. Hayden, show them to 
bear intimate resemblance to the same horizons as developed on the east 
side of the Wind, River Mountains. A section, representing a thickness 
of between 300 and 400 feet, represents the Cretaceous as made up of 
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sandy marls, clays, sandstones, and occasional limestone layers, includ- 
ing near the middle several layers of impure lignite. Arenaceous ma- 
terial predominates, and the lower hundred feet has a gray ashy color. 

Overlooking a large part of the southern slope of the Mount Leidy 
highlands, from Station XLVI on the south side of the Gros Ventre 
Valley, it is found to be traversed by three parallel belts, which comprise 
so many rather conspicuous lithological zones parallel to the longer axis 
of the highlands. The first belt or zone is composed of the deep-red 
arenaceous deposits, banded with paler-colored layers, characteristic of 
the “red beds” or Triassic. These deposits present their edges to view 
in a line of beautifully-eroded bluffs on the north side of the Gros Ven- 
tre, the strata dipping gently northward. Beyond the *‘red beds,” 
north, the slope is broken by long, low ridges, in the southern face of 
which light-drab deposits appear, composed apparently of shales and 
arenaceous beds, with perhaps calcareous indurated bands, and a heaver 
mass of brown-drab firmer material above, reaching a thickness of sev- 
eral hundred feet. The latter deposits form a belt at the foot of the 
steeper ascent culminating in Mount Leidy, and stretching to the south- 
east, or east-southeast, where they occur in quite prominent ridges, cut 
across by a tributary which rises in the hills beyond. . Farther on in the 
Same direction they do not appear so strongly marked, and soon pass 
from view behind a near shoulder on the northern flank of the Gros 
Ventre Range. These beds seem to dip gently to the northeast, the line 
of peculiarly regular escarped ridges in which they outcrop gradually 
rising to the northwestward, where, however, as in the opposite direc- 
tion, they soon cease to form so prominent and well-defined topographic 
and geological features as seen at this distance. 

In the intervening nearer slope such exposures of the component strata 
as appear seem to indicate a more disturbed belt, in which the beds are 
sharply folded along a line apparently parallel with the general trend 
of the Gros Ventre uplift. More than this was not clearly indicated. 
These deposits are doubtless the same as those described by Dr. Hay- 

den in the immediate vicinity of the Gros Ventre. The disturbed or 
folded belt may include the later Mesozoic formations, but the higher 
and wider belt is probably wholly composed of Tertiary deposits, in- 
cluding the superior lignitic series of the region. 

To the north of the drab belt the hiils are less regular in outline, are 
more eroded into sharp, buttressed ridges and deep gullies, dotted with 
trees and patches of undergrowth. These hills appear to be composed 
entirely of the brownish ash-colored deposits above and lighter ash or 
drab beds with comparatively thin beds of yellowish-buff sandstone be- 
low. They form a heavy deposit a thousand feet or more in thickness 
in the cluster of hills around Mount Leidy. So far as could be deter- 
mined, these strata uniformly incline at a moderate angle northwards, 
and such undoubtedly appears to be their dip in the northern slope of 
the highlands. 

‘The foot-hills along the western side of this highland region are cov- 
ered with a fine brown soil, with scarcely any coarse material visible in 
their surfaces; their higher slopes generally covered with pine forests 
and undergrowth. A few miles north of the Gros Ventre the foot-hills 
terminate more abruptly on the terraced plain of the basin. Obscure 
exposures of light or white fragmentary limestone were here met with, 
which, from the similarity in color and texture, was taken to be identical 
with the thin-bedded limestone occurring in the late Tertiary deposits 
in the vicinity of Station XLV. Similiar patches of limestone debris 


460 REPORT UNITED STATES GEOLOGICAL SURVEY. 


occasionally appear in the surface of the outlying terrace, as has already 
been mentioned. 

In the point south of the Elkhorn white arenaceous deposits outcrop 
in the hill-side at an elevation of 400 or 500 feet above the stream. In 
the steep northern face of this ridge the same beds rise gradually to the 
east, or rather southeast, and in the broken wooded ridges that imter- 
vene between Mount Leidy and Jackson’s Basin exposures of brownish- 
colored deposits show here and there, and which apparently underlie 
the before-mentioned beds. The lower slopes of these hills bordering 
the valley of the Elkhorn are buried under accumulations of water-worn 
pebbles, which make up considerable ridges and are spread over all the 
lower portions of the plateau between the Elkhorn and Buffalo Fork, 
the little basin into which the former stream opens showing some fine 
examples of terracing in these deposits. These loose materials are 
chiefly composed of quartzite bowlders and pebbles beautifully rounded 
and polished. 

Ascending the valley of the Elkhorn, a few miles above the Snake 
bottoms its valley closes up in a narrow gorge, in which an exposure. 
of a couple of hundred feet of strata was seen. The section shows 
75 to 125 feet of fine arenaceous clays, banded in thin layers of light and 
dark drab color, with rusty-buit indurated arenaceous layers and soft 
concretionary sandstone above, and containing two thin seams of lig- 
nite, one above and one below, the strata inclining northward at angles 
of from 12° to 20°. The drab clays are unconformably overlaid by a 
variable thickness of yellow gravelly earth which looks like a Post-Ter- 
tiary deposit, and so was mentioned in a preceding page, which makes 
up the remaining height of the bluffs. Curious funnel-like sinks were 
noticed in the drab deposits, the origin of which is not clear; they have 
the appearance of having been caused by the undermining of the super- 
incumbent layers, which gave way on all sides, curving into and filling 
the excavations. There was no indication of the burning out of coal 
seams, by which this effect might be produced. 

The extremely broken foot-hills on the northern declivity of Mount 
Leidy, descending to the Elkhorn, exhibit yellowish-buff sandstones and 
light-buff to white indurated beds, which gently rise up and form the 
basis of the peak. The latter, as also its principal spurs, is composed 
of light-brownish or ash-colored deposits, and toward the summit, in 
the northwest face, appear several brownish harder ledges. The brown- 
ish deposits, at a distance, have the appearance of homogeneous fine 
arenaceous clays, but which, it is suspected, may prove to be identical 
with a remarkable conglomerate deposit occurring north of Buffalo 
Fork, hereafter to be noticed. As has before been mentioned, these 
deposits also occur in the high ridge a few miles to the east or southeast 
of Mount Leidy, and in the continuation of the same heights, as they 
approach the watershed, lightbuff earthy or arenaceous deposits are 
associated with the ash-colored beds. As seen from Station XULVIT, on 
the north side of Buffalo Fork, the whole northern flank of this highland 
region is brought into view, affording an opportunity of studying its 
general topographic and geological features. The brownish ash-colored 
deposits are persistent stratigraphic features throughout the culminat- 
ing crests, presenting, in their style of weathering, a strikingly peculiar 
appearance. This is well displayed in the view of Mount Leidy from the 
latter station. The mountain, although quite isolated, spreads over a 
considerable space, throwing out sharp, partially wooded, and beautifully 
sculptured spurs, differing from anything hitherto observed in the dis- 
trict, though it is repeated in similar and probably identical deposits tn 


sT. JOHN. ] MT. LEIDY HIGHLANDS. 461 


the region to the north, to be noticed presently. The long undulating 
slopes descending from the watershed south of Black Rock Creek reveal 
light-buff arenaceous deposits wherever the surface is broken by the 
bluffs and not concealed by forests, which latter thickly cover the more 
elevated portions. In the bluffs along the narrow valley of the Black- 
foot appear frequent exposures of light-drab clay and soft buff-gray sand- 
stones, which weather in shelving surfaces, and in the promontory point 
at the confluence of the Buffalo Fork buff sandstone ledges outerop, 
dipping gently northeastward. 

In the low aspen-covered upland intervening between the Elkhorn and 
Buffalo Fork a tair section of these strata may be seen. This belt pre- 
sents a suecession of south-facing low bluffs, with long gentle slopes to 
the northward, a conformation of surface determined by the character 
and position of the subjacent rock strata, which uniformly dip in the 
direction of the gentle declivities. In the lower extension of the blutts 
north of the Elkhorn, light-brown earth, with indurated layers, appears 
in the steep slope, which is strewn with the water-worn pebbles and 
bowlders that enter largely into the composition of the unconsolidated 
superficial deposits in this region. Higher up the valley to the east the 
bluffs are composed of rusty and light buff soft sandstone, bedded in 
light-drab, clayey material, dipping northeastward at angles of from 10° 
to 15°. In the next ridge, less than a mile north, occur rusty-buff, shaly, 
and concretionary sandstones, interbedded with softer deposits which 
weather into a fine light-brown soil. North of the last, a similar ridge 
shows a ledge of light-buff sandstone associated with thin irregular lay- 
ers of rusty ferruginous sandstone; and in astill higher bluff, the north- 
ern slope of which descends to Buffalo Fork, a heavy bed of soft, light- 
buff sandstone, with rusty and buff indurated layers, appears in the 
upper third of the abrupt acclivity, forming an exposed thickness of 50 
to 100 feet, associated with drab and brown earthy deposits, the disinte- 
gration of which produces a light-drab loamy soil. The latter sandstone 
resembles the ledge occurring in the base of the cone of Mount Leidy. 
The light sandstones outcrop in the ravines intersecting the aspen ridges 
400 to 500 feet above the Elkhorn. Patches of “alkali” soil were here 
met with, which, together with the excellent pasturage, may account for 
this locality being a favorite resort of elk and deer, the abundance of 
whose antlers scattered over these uplands suggested the name of the 
above-mentioned stream. The higher upland slopes also are strewn with 
more or less drift material, consisting of thoroughly-rounded quartzite 
and gneiss bowlders and occasional fragments of basalt. 

The exposures above alluded to are: represented in an accompanying 
diagram, in which an attempt is made to show their probable relations to 
the deposits occurring in the mountain borders on the north and south. 


BUFFALO FORK AND SNAKE RIVER DIVIDE. 


The lower course of the Buffalo Fork winds through a beautiful valley 
for the distance of about eight miles, when it expands into the Snake 
bottoms, east of the outlet of Jackson’s Lake. The valley is cecupied 
by low terraces, and rather wide alluvial bottoms, with extensive tracts 
of wet meadow-land, interspersed with thickets of willows. Along the 
north side the hills are bolder than the south-side upland border, and 
are well wooded with pines and spruces, and at many points in the some- 
what broken declivity limited exposures of their component strata appear. 

Below the mouth of Black Rock Creek a line of highish bluffs borders 
the right bank of the river for a short distance, in which a thickness of 
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400 to 500 feet of strata is exposed above the water-level, showing the 
basis rocks of the adjacent hills. A section at this locality i is given below, 
the thicknesses of the beds estimated. 


Section in bluffs on Buffalo Fork, foot of Station XLVIII. 


1. Buff-drab clays, indurated arenaceous and argillaceous layers below, 
60 feet. 
. Buff sandstone, exposed 2 feet, 
. Buff and ash-colored clays, darker drab below, 70 feet. 
. Buff sandstone, exposed 2 feet. 
. Slope, with indications of bufi-drab clays, 65 feet. 
. Dirty buff sandstone, exposed 5 feet. 
. Light drab clays, 60 feet. 
. Dirty buff sandstone, exposed 4 feet. 
. Space, with drab clays, 40 feet. 
10. Rusty brownish sandstone, exposed 3 feet. 
11. Space rising into crest of ridge, probably ash-colored clays, 100 
feet or more. 


SO MH 1S) Oui © bo 


The edges of the strata in the above exposure appear nearly horizontal, 
or slightly inclining upstream; but the dip is to the northeastward at an 
angle of from 10° to 15°. There are no indications of lignite seams at 
this place, although the beds belong to the Tertiary series on the south, 
noticed in a preceding page. A hasty search in the beds at this locality 
failed to discover the vestige of organic remains; but at.a poimt some 
distance above in the foot of the same line of blutfis, indurated bluish- 
drab argillaceous layers, probably belonging to the horizon of No. 1, 
afforded one or two varieties of dicotyledonous leaves. 

From the erest of the river bluff the surface slopes into a parallel 
drainage depression, connected with the hills to the north by a saddle 
flat, in “which a grass-fringed pond was found, its outlet dammed by the 
work of beavers. The opposite slope rises in successive steep ascents 
and high terrace platforms into the summit of a cluster of wooded hills 
in the Buffalo Fork and Pacific Creek divide, on one of the outer knobs 
of which Station XLVIII was located at a height of about 2,000 feet 
above the former stream. The rock exposures obser ved in the southern 
slope of the mountain, where they are much hidden by débris and under 
growth, present the following section of superimposed strata in contim 
nation of the bluff exposure. 


Section in south slope of Station XLVIIL. 


12. Space between foot of main slope and outlying river-bluff. 

13. Thin bed of buff-gray sandstone in foot of declivity opposite pond, 
about 250 feet above river-level. 

14, Unexposed space. 

15. Bufi-gray, shaly sandstone, 2 feet exposed, at elevation of abovt 
360 feet above the river. 

16. Slope, unexposed, covered with gneissic and other water-worn 
bowlders. 

17. Thin-bedded, buff sandstone, exposed 5 feet, elevation 450 feet. 

18. Unexposed slope. 

19. Butf-gray sandstone, obscure exposure, elevation about 540 feet. 

20. Broken slope about three-quarters of a mile across, thickly wooded 
in part, and covered with drift materials of all sorts, with traces of brown 
earth in open, sage-grown spaces. 


PLATE XUII. 


Section in seuth slope of Station XLVI, north side of Buffalo Fork 
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Section across the Mount Leidy Highlands, between Stations XIV and XLVI. 
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21. Gray-buff sandstone, in places thin-bedded, imperfectly exposed, 
probably a heavy bed, elevation about 1,000 feet above the river. 

22. High bench, strewn with water-worn gravel and bowlders of all 
sorts of rock, elevation 1,200 to 1,300 feet. 

23. Heavy-bedded buff sandstone, 25 feet exposed; dip, 10° to 159, 
northeastward. Elevation about 1,500 feet. 

24, Slope, covered with drift materials. 

25. Brown and buff shaly sandstone, elevation 1,660 feet. 

26. Brownish drab clay and drift-covered slope. 

27. Heavy conglomerate deposit crowning the divide, and eroded into 
knobs. This deposit is made up almost entirely of thoroughly water- 
worn pebbles and small bowlders of white to red quartz and quartzose 
rock, gneiss and granite being sparsely represented. A brownish, indu- 
rated, arenaceous material forms the paste or cementing medium hold- 
ing the cobble-stones, which latter are weathered out in immense quan- 
tities in the slopes. 


There can be no question as to the epochal identity of the sandstones 
and ashy or drab clays shown in the above section with the deposits 
occurring in the upland south of Buffalo Fork. But no clew as to the 
age of the heavy mass of water-worn bowlders and pebbles crowning 
the heights in the vicinity of Station XLVIII was obtained. The lat- 
ter deposits, it seems, prevail over a considerable area of this high water- 
divide, extending over to the region about the sources of the Snake, a 
few miles to the north, where Professor Bradley mentions their occur- 
rence in the following terms: “Ascending the high, sharp ridge on the 
west side of this valley [the Snake rises in a ‘flat valley-divide”], at 
least 500 feet high, we. find its slopes to consist entirely of large and 
small well-rounded pebbles of variously-colored quartzites up to the very 
summit, where this deposit is just pierced by an outcrop of the gray 
trachytic lavas and red basalt, partly vesicular, though mostly compact, 
which form the nucleus of the ridge. We here stood upon one of the 
highest points in that neighborhood, about 8,654 feet [9,609 feet, subse- 
quent determination regorded on Professor Bradley’s geological map| 
above the sea; so that we were entirely at a loss as to the source from 
which had flowed the large river which had distributed such immense ~ 
amounts of graveland sand. The deposit is evidently very ancient, but 
no considerable consolidation had taken place” * * * “ Passing 
westward the quartzite-gravel continues for several miles, though the 
mass of all the ridges is composed of a coarse voleanic breccia.” 

The inclination of the conglomerate in the vicinity of Station XLVIII 
could not be satisfactorily determined. The crest of the ridge, which 
extends in a north-south course about a mile, perhaps more, is eroded 
into knobs strewn with cobble-stones, and studded with dwarf, storm- 
rent pines, firs, and cedars. It presents in these respects a feature en- 
tirely unique in our experience in this region, recalling late Post-Tertiary 
accumulations found in other regions; indeed, the loose materials are 
physieally identical with those forming the terraces and occurring in 
the beds of all the streams flowing into Jackson’s Basin from this quar- 
ter. The west side of the ridge falls steeply into a deep valley, the 
slopes densely wooded, and showing here and there slides, at the foot of 
which the cobble-stones are piled in great heaps. This valley apparently 
flows out into that to which the name Big Bend Creek was applied by 
the Snake River expedition of 1872, and its sources are the same as the 
stream to which Captain Jones, the following year, gave the name Pa- 
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cific Creek. Its bed here is occupied by a narrow flat in which the 
stream is ponded by beaver-dams. . 

Station XLVIITI gives a good view of the surrounding country, from 
which much important information may be gained relative to the gen- — 
eral character and distribution of the geological formations occurring 
therein.» Looking westward, the southern declivity of the mountain- 
ous divide north of Buffalo Fork and Pacific Creek is traced to the angle 
where the hills trend round to form the eastern boundary of Jackson’s 
Basin opposite and north of the lake. At the point where the slopes 
pass round out of sight a pair of small lakes le within the higher and 
older terrace area at the foot of the mountain, which Professor bradley 
describes as bayous of the ancient abandoned channel of the Snake. 
Beyond lie the glistening waters of Jackson’s Lake, and the majestie 
wall of the Téton Range seems close at hand, though really more than 
15 miles away. This southern slope of the divide, probably in the vicin- 
ity of the twin lakes, shows a low outlying hill made up of a brown 
earthy (?) deposit which is weathered very like deposits of similar appear- 
ance occurring in Mount Leidy and the high hills to the east. Between 
the latter locality and the high river bluff near the upper end of the 
lower valley of Buffalo Fork described above, in the recess formed by 
the entrance of the valley of Pacific Creek, the hills are low and show 
exposures of buff-yellow sandstones like those in the river bluff above. 
These sandstones are often gray and generally coarse-grained, recalling 
Laramie Group deposits in the Snake River and Caribou Ranges, 
although they are doubtless more recent. The exposures of ‘ gray and 
buff, fine-grained, shaly sandstones” described by Professor Bradley, as 
mentioned in a preceding page, that outcrops near the mouth of Buf- 
falo Fork, probably belong to the same series. Professor Bradley also 
mentions in the adjacent slopes the occurrence of “ partially-cemented 
Post-Tertiary sands and gravels, with occasional exposures of white 
marly clays, supposed to be of the same age, though no fossils were 
seen.” The latter deposits are clearly, in part at least, identical with 
before-mentioned strata occurring in the vicinity of the Upper and 
Lower Gros Ventre Buttes, but the gravel beds jvould hardly be referred 
to the deposits which make up the bulk of the hills north and south of 
the lower course of Buffalo Fork, though they may belong to the singu- 
lar conglomerate whose appearance has already been mentioned in the 
summit of Station XLVIII. The disturbed condition of the sandstones 
at the mouth of Buffalo Fork contrasts with the uniformly moderate and 
apparently regular inclination of the soft sandstones occurring in the 
adjacent hills either side of the Buffalo Fork, with which, however, they 
ofter close agreement lithologically. 

To the northwestward of Station XLVIII, the slopes in the opposite 
side of Pacific Creek rise into a high, short mountain ridge, perhaps three 
or four miles distant, forming a prominent landmark, which we had had 
in view since entering Jackson’s Basin. Its southern face presents es- 
carped walls sustained by bulky buttresses in which the bared strata are 
intricately sculptured by the elements. ‘These apparently consist of a 
heavy conglomeritic deposit, in appearance laminated or thin-bedded, 
rusty yellow-buff and drab, with indurated arenaceous bands, reaching 
a thickness of 500 feet or more, which rest upon a heavy bed of light- 
buff arenaceous rock, probably soft sandstone, showing an exposed thick- 
ness of 50 to 100 feet above the steep talus. The inclinatiun is gently 
northeastward. The outlying foot-hills on the south are much cut up by 
the wash, and are well wooded, showing only now and then exposures 
of buff arenaceous deposits, until approaching the bluffs on the north 
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side of the stream, in which a thickness of a couple of hundred feet of 
yellowish and drab arenaceous clays and sandstones outcrop, passing 
under the above deposits, and which belong to the series included in 
the section in the outlying slopes south of Station XLVIII. The gen- 
eral similarity of the heavy drab deposits in the crest of the ridge with 
those in Mount Leidy, strongly suggests their probable stratigraphic 
identity, and to which belongs the remnant capping Station XLVILI. 

To the left of the above mountain is seen another high, massive sum- 
mit forming the divide a few miles to the west, the eastern face of which 
is broken down in cliffs of dark, rusty-weathered strata inclining gently 
west or southwestward, the nature of which could not be satistactorily 
made out at this distance. From the low Tertiary uplands south of 
Buffalo Fork the southern aspect of the latter mountain is rounded, dis- 
playing brownish, earthy-looking deposits. From this point of view the 
mountain is seen to form one of the heights of the divide, in a depression 
of which between this and the first-mentioned ridge appear more dis- 
tant mountain-erests to the north, bearing reddish-brown ledges, and 
which may belong to the voleanic-crowned ridges found by Professor 
Bradley on the northern edge of this divide at the head of Coulter’s 
Creek. In the latter quarter he observed the prevalence of “ gray tra- 
chytic lavas and red basalt” and “ rapidly-disintegrating volcanic rocks, 
mostly conglomerates of trachytic porphyry, obsidian, &c.,” the latter 
evidently belonging to the voleanic series which is so largely developed 
in the watershed farther east. Light-grayish deposits, probably sand- 
stones, are exposed in the summits of the more massive and mountain- 
ous portion of the divide still to the west, where their outcropping edges, 
facing the south, are nearly horizontal. Farther on, the mountain-crest 
shows similar light-grayish strata inclined gently in the direction of 
Jackson’s Basin, and just beyond they again rise to the westward, 
forming a shallow synclinal in the vicinity of the elevated summit which 
marks the angle at the point where the divide trends round more to the. 
north. 

Throughout this portion of the divide there are no evidences of great 
disturbance, the dips apparently not exceeding 15°, and generally much. 
less. But farther north, where the ridge sinks beneath the volcanic: 
plateau of the lake region in its northwestern flank, opposite the confiu- 
ence of Lake Fork and the Snake, the sedimentary deposits rise at a, 
steep angle to the northwest, bringing to view a belt of Paleozoic in the. 
foot of the mountain. The latteris described by Professor Bradley, from. 
observations made by Mr. Taggart, as follows:* “At the base lie about: 
200 feet of white and light-gray quartzites, overlaid by from 500 to 600: 
feet of light-drab and dark-gray limestones, and about 100 feet of gray 
sandstones, followed by heavy beds of red, shaly sandstones, apparently 
the same as those seen higher up the river. I am not satisfied as to the: 
age of either the limestone or the quartzite ” [colored on the map accom-. 
panying the report, Quebec and Potsdam]. “The ridge is capped by 
beds of porphyritic trachytes, having a dip of about 30° to the south- 
east, while the limestones beneath dip about 40° in the same direction, 
showing that their tilting commenced before the deposition of the tra- 
chytes.” About seven miles above the mouth of Lake Fork, Professor 
Bradley notes the occurrence of “red, shaly sandstones, containing no. 
fossils beyond indistinct fucoidal markings, which are referred with. ~ 
doubt to the Triassic period. The gray beds of the lower part of the: 
series make their appearance in the lower end of the cation.” ‘These de-. 


*U. 8S. Geol. Survey of the Territories, 1872, p. 259. 
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posits are represented as forming a belt a mile in width where they cross 
the Snake, rising above the basaltic flow which here fills the valley. 

To the south and east of the latter locality Professor Bradley found a: 
wide area of country occupied by the volcanic deposits, on the one hand 
reaching up to the crest of the dividing ridge, and on the other extend- 
ing over into the Elk Ridge between the Snake and Barlow’s Fork. In 
the valley and slopes of the latter stream, towards its head, a considera- 
ble patch of Tertiary was met with, to which Professor Bradley alludes: 
‘¢ About two miles below the falls we began to find outcrops of a fine- 
grained, ferruginous, laminated sandstone, destitute of fossils, but prob- 
ably of Tertiary age. Some of the layers showed abundant ripple-marks. 
At the falls the rock is heavy-bedded. ‘The dips are mostly about 22°, 
varying somewhat on either side of due east. Just above the falls, and 
opposite to our camp, four thin layers of coal, varying from one.inch to 
Six inches in thickness, and two layers of clay ironstone (iron carbonate), 
varying from six inches to one foot in thickness, are all ineluded within 
ten feet of shales. * * * The upper slopes of the ridge on either 
side [of the valley-basin] are mostly bare of timber, and many parts of 
them are badly washed. Those on the east are composed of mostly 

‘thin-bedded sandstones, probably of Tertiary age, at least 2,000 feet 
thick, with variable southeasterly dips. A few red layers appear, but 
the majority of them are gray. No fossils were found, though careful 
search was made for them.” . 

_ The eastern face of Station XLVIII ridge abruptly falls to the leve 
of a high sloping plateau occupying the interval between this point and 
the high mountain north of Buffalo Fork Peak. This plateau falls in a 
Suecession of uneven benches to the lower cafoned course of Buffalo 
ork, its surface covered with grassy slopes interspersed with conifers and 
groves of aspen. The contour and occasional exposures of light-buff 
‘deposits denote the Tertiary character of this slope, which reaches up to 
‘the divide between Buffalo Fork and Pacific Creek, and doubtless once 
‘extended over to the northward, connecting with the Tertiary deposits in 
the upper basin of Barlow’s Fork. Along the northern foot of this slope, 
tin the lower cation of Buffalo Fork, nearly continuous exposures of light- 
‘buff arenaceous beds appear, extending several miles to the east until 
arrested by the massive mountain barrier which forms the portals to the 
upper or mountain course of this stream. These deposits are mentioned 
iby Professor Bradley, from notes communicated by Mr. Bechler, as fol- 
lows: ‘‘About 12 miles up, the valley narrows to a cation from 350 to 400 
feet deep by from 50 to 200 feet wide, for about three miles, with coarse 
gray sandstone walls. About oneand a half miles of a rounded basin, with 
‘beaver-dams, then intervenes before reaching the second canton, which 
has nearly the same character as the first and is about two miles long. 
A broad basin succeeds, from five to seven miles across, reaching up to 
the foot of the high vertical limestone walls, * * * whose rugged 
crest shows plainly from the mouth of the valley.” | 

Light-colored deposits resembling the above Tertiary beds reach well 
up on the flanks of this mountain barrier on either side of the gorge 
through which flows the Buffalo Fork, where they rest apparently un- 
conformably upon earlier Mesozoic formations and possibly the Carbon- 
iferous. They do not appear to be present far within the entrance to 
the gorge, although Professor Comstock notes the occurrence of similar 
beds higher up to the north-northeast, in the divide between Lava Creek’ 
and the upper course of Pacific Creek, where they dip southwest at an 
angle of 57°, “and in the caiion of Buffalo Fork, just below Camp 56, 
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similar beds with additional members are found dipping in the opposite 
direction 89°, Between these points no Cretaceous exposures were no- 
ticed, but judging from the dips of the lower sedimentary strata, which 
were observed on Lava Creek between Camps 55 and 56, there must be 
one or more folds intervening.”* Also reference is made to “the coal- 
bearing series on Buffalo Fork. The strata containing the coal are nearly 
vertical and in folds, so that the beds are several times exposed in the 
cation within a short distance. Much of the coal is very good.” t 
Professor Comstock regarded all these strata as of Cretaceousage. From 
the above observations it would appear that these deposits had been 
greatly disturbed by elevatory forces seated in the Butfalo Fork Mount- 
ain, which refers this uplift to a late date. Other stratigrapical appear- 
ances observed in the northwest flank of this mountain group will be 
noticed farther on. 

Sufficient has been observed to show that the bulk of the divide be- 
tween the Buffalo Fork and the drainage flowing north into the upper 
course of the Snake is made up of the soft arenaceous clays and sand- 
stones of this lignite-bearing series of probable Tertiary age. Professor 
Comstock is not quite sure as to their stratigraphical identity, but from 
lithologic resemblances and the presence of coal, he was induced to re- 
fer them to horizons in the Wind River region which he determined pos- 
sess close affinities with the Cretaceous. ‘These deposits, which attain a 
great thickness, probably above 3,000 feet, apparently occupy an exten- 
sive basin whose limits, so far as they have been traced, are defined by 
the Téton Range on the west, the Gros Ventre Range on the south, and 
on the north their present limits correspond with the uplifted Palo- 
zoic belt in the vicinity of the confluence of Lake Fork and the Snake, 
which appears to be the remnant of the southeast flank of a great fold, 
the crest of which has suffered almost complete demolition by denuding 
agencies, and was finally buried beneath a vast accumulation of volcanic 
materials in the region of the plateau of the Continental water-shed. To 
the northeast they pass beneath the voleanics which, according to Pro- 
fessor Comstock, compose the crests of the Shoshone Range and an 
extensive mountainous region to the east at the sources of Gray Bull 
and Stinking Water Rivers, and which, to the west, as seen from Station 
XLVIII, constitute the elevated watershed ridge, in which great escarp- 
ments of the peculiarly banded gray and sombre volcanics appear, dip- 
ping slightly northeastward, and eroded into broad-based peaks and lofty 
promontories. 

In the midst of this basin rises the apparently isolated cluster of 
mountains which culminates in Buffalo Fork Peak. This group seems 
to be quite disconnected from the surrounding mountain ranges, form- 
ing a great dome-shaped mass, the upheaval of which has brought to 
view the metamorphic nucleus, several hundred feet of which are re- 
vealed in the rugged walls of the cafion of Buffalo Fork. But to the 
east of this group the connection of the Tertiary deposits with similar 
beds at the head of Wind River Valley is lost beneath the southern ex- 
tension of the before-mentioned volcanics in the neighborhood of To- 
gwotee Pass; to the south of which, however, they reappear in the ridges 
of the Mount Leidy highlands which sweep up on and in places even 
crown the summit of the watershed between the Togwotee and Warm 
Water or Union Passes, as was inferred by Dr. Hayden. 


* Report upon the Reconnaissance of Northwestern Wyoming, under Capt. Wm. A. 
ee Are U.S. A., 1873; Geological Report by Prof. Theo. B. Comstock, p. 120. 
bY p- . 
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The general stratigraphical features of the Buffalo Fork uplift are 
brought out most clearly from Station XLVIII, and the observations 
made from the latter point, supplemented by actual examinations in the 
southern half of the great dome and the views presented therefrom, 
afford a comprehensive understanding of its geological structure. Our 
route of approach led over the slopes between Buffalo Fork and Black 
Rock Creek, in which, as before mentioned, the Tertiary deposits con- 
stitute the subjacent rock strata, the surface, however, being pretty gen- 
erally enveloped in a coating of drift-like materials, intermingled with 
which are pebbles of chalcedony and fragments of fossil wood. 

On reaching the elevated open valley-basin on the upper course of 
Black Rock Creek, craggy outliers of volcanic breccia-conglom-srate are 
met with, which a little higher up form a low barrier across which the 
stream has cut a miniature cafion. These ledges consist of a dark paste 
holding angular fragments of dark basaltic and drab trachytic lavas, 
Showing in the mass what appears to be a bedded structure, dipping at 
an angle of 40° about west-southwest. The thickness of the deposit at 
this locality was estimated at above 500 feet. Overlying the breccia in 
the crests of the low ridges occurs a peculiar deposit formed of water-worn 
pebbles and bowlders of quartz and various voleanic rocks held in a 
fine light drab paste, possibly of volcanic origin. The latter was found 
in irregular masses, but not revealing their relations to the bedded 
breccias. The bed of the stream and the adjacent morain-like undulat- 
ing open slopes below are strewn with drift materials, amongst which 
occur water-worn fragments of rusty-buff and red sandstone, Quebec 
and Carboniferous limestone débris, which was derived from the adjacent 
mountains. Just below these open ridges, in the west side of a little 
stream flowing into Buffalo Fork, the surface is broken by the outcrop 
of a heavy ledge of hard, reddish-buff and gray, laminated sandstone, 
standing nearly vertical, the strike about N. N. BE. and 8.8. W. Less 
than a mile below the breccia barrier, in the south bank of Black Rock 
Creek, deep-red shales and sandstones appear, showing a thickness of 
100 feet, more or less, dipping southwestward. These deposits doubt- 
less hold the position of the “red beds” of the Trias, and will form the 
initial point of the section reaching up into the summit of the mountain 
to the north, on which Station XLIX was established. 

Station X LIX occupies a low but commanding peak about two mile 
west of the main summit of Buffalo Fork Peak, overlooking the caiion 
of Buffalo Fork and a large extent of its mountain valley to the north- 
east. The southwest and southern slopes of the mountain are very 
abrupt and plated with heavy deposits of hard reddish-buff and gray 
laminated sandstones, almost a quartzite, which occurs in immense slides 
of débris on the lower slopes. Higher up the mountain-side these are 
seen to be underlaid by heavy beds of gray, drab, and buff, cherty lime- 
stones and brownish-drab magnesian limestones, which reach up into 
the crest at the station. The limestones are charged with characteristic 
Carboniferous fossils, amongst them a medium-sized Orthoceras. The 
angle and direction of their inclination is very variable, gradually steep- 
ening lower on the southwest flank of the mountain, where they dip at 
one point 65° to 75°, W. 25° S., while in the summit the dip is 35° to” 
40°, W. to W. 25° 8. The brownish-drab magnesian limestone near the 
summit is very like similar ledges in the debouchure of the Gross Ventre 
River. On the southwest flank of the mountain, within 300 feet of the 
Summit, basaltic and trachytic erratics were met with. 
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- The northern or northeast face of the mountain breaks down in mural 
cliffs and steep inclines into the large amphitheatre, whose undulating 
débris-covered surface steeply slopes to the Buffalo Fork. The upper 
200 feet or so of the strata exposed in this wall consists of gray lime- 
stone, the lower part tinged with red, underlaid by an exposed thickness 
of about 60 feet of shaly or thin-bedded, fragmentary, drab, buff-mottled 
limestone, charged with Trilobites and other Lower Silurian fossils, 
probably of the age of the Quebec Group. The lower and upper lime- 
stones grade one into the other without apparent non-conformity or the 
intervention of clayey beds of passage, although the paleontological 
transition is sharply interrupted and well defined. If the Niagara is 
present at all, it here attains meaSre development and was not recog- 
nized by its fossils. The last-mentioned limestone rests upon a heavy 
deposit composed of bluish-drab shales, with brown-gray shaly sand- 
stone layers containing a small Orbiculoid brachiopod in great abundance. 
This deposit may reach a thickness of 100 feet, though its exact vertical 
extent was difficult to determine. 

At the eastern foot of the steep descent of the station commences a 
broad ridge gradually rising to the eastward into the summit of Buffalo 
Fork Peak, and which forms the southern wall of the amphitheatre. Its 
crest is loaded with the shales last mentioned above, broadly rounded 
and gradually steepening on the south-side slope, while the opposite side 
steeply descends to the brow of the inferior limestone, which forms a 
low precipice or wall of bluish and dark-drab, rough-weathered, thin- 
bedded, brecciated limestone, dirty yellow below, 50 to 75 feet high. 
This bed determines the form of the connecting ridge, although it does 
not quite reach the summit of the main peak, which is capped by a flat, 
bald dome, showing a thickness of 75 feet or more of the inferior portion of 
the overlying shales. The latter here show yellow sandy micaceous clay, 
interlaminated with indurated shaly arenaceous layers charged with 
the little Orbiculoid shell, and thin plates of dirty drab limestone con- 
taining fragmentary remains of Trilobites and covered with peculiar 
branching bodies weathered in relief, which, though apparently struct- 
ureless, resemble certain ramose forms of Cheitetes. 

A bold spur puts out from the northern side of the peak, its foot 
terminating in a much lower but rugged point overlooking the cation of 
Buffalo Fork, the peculiar rough, jagged style of weathering and the 
rusty-brownish sombre hue of the rock-of which it is composed deter- 
mining its metamorphic crystalline character. It is much contorted, and 
reaches a height of 800 feet or more above the stream. The lower lime- 
stone runs out in the spur a short distance, its lower layers of a dirty 
brown-gray and yellowish-stained color, which, near the extreme point 
of the exposure, shows a dip 8. 30° W. at an angle of 48°. Jt is under- 
laid by yellow shales, which rest upon a heavy bed of dark brownish-red 
and light-gray laminated quartzite, with conglomerate layers. This 
deposit exhibits an exposed thickness of 50 to 100 feet, and flattens out 
toward the north, where, in the terminal bench of its outcrop, the dip is 
about 10°, W.5°N. The base of the ledge is concealed by the steep 
talus of,débris. The east and northeast face of Buffalo Fork Peak also 
breaks down in precipices of Quebec limestone and the quartzite. High 
up on the southeast flank of the mountain reclines a huge mass of steeply 
inclined strata composed of the Upper Quebec limestone and the buff-gray 
rusty reddish-stained Carboniferous limestone, which form a heavy plat- 
ing facing the valley of Black Rock Creek. This mass of tilted strata 
forms a rather conspicuous feature of the mountain, both as seen from 
below as also from the neighborhood of Togwotee Pass. 
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Buffalo Fork Peak, which reaches an aitinad of 10,200 feet, approxi- 
mately, above the sea, offers an extensive view of the surrounding 
country, and the isolation of the great dome-shaped uplift of which it is 
the culmination, is most clearly brought out. ‘To the north, beyond the 
deep gorge traversed by Buffalo F Fork j in its passage across this mountain 
uplift, the corresponding northern half of the mass shows as a great 
half-dome, over the summit of which the Quebec Group limestones are 
curved from west to east. In the central portion of the uplift the 
Archean nucleus forms a lofty bench, in whose rugged caiion-face the 
gneissose rocks present precipitous exposures several hundred feet in 
height. On either flank reclines the Carboniferous, the inferior red- 
‘stained beds forming a marked and easily traced horizon. The latter 
deposits slope quite regularly, with a moderate inclination on the eastern 
side, where they are seen on either side of the broad mountain basin, 
gradually descending, and forming with the Quebec limestones lines of 
low mural exposures. These extend a considerable distance up the val- 
ley of both the main stream to the eastward and that of Lava Creek to 
the northeast, above which the slopes are broken and do not reveal sat- 
isfactory exposures at this distance. 

But on the western flank of the mountain an interesting series of 
strata appears, all inclining off the mountain slope, exhibiting as seen 
from this point the following lithological appearances: First appears a 
heavy mass of Carboniferous limestone, which forms a sort of abrupt 
foreland reaching well up on the western flank of the mountain, and de- — 
scending into the narrow valley of a small tributary which gains the 
north bank of Buffalo Fork a short distance below the great gorge. In 
the opposite acclivity of this little valley appears a set of strata, which 
probably represent the siliceous beds in the upper part of the Carbon- 
iferous. The upper portion of this slope shows a heavy deposit of deep 
red beds, interspersed with beautiful green herbage-clad slopes, the 
stratigraphic position and lithological character of which refer them 

with little doubt to the Triassic. In the gentler western slope appear 
less distinct exposures of light-drab deposits, with interlaminated in- 
durated, probably calcareous, layers, which may pertain to the Jurassic. 
And in the undulating slopes intervening between this point and Station 
XLVITI, the light and buff-gray arenaceous clays and sandstones of the 
Tertiary succeed, as has already been noted m connection with the ob- 
servations made at that locality. The Carboniferous and Mesozoic beds 
incline at a rather steep angle to the westward, and appear to fold round 
the northern flank of the mountain, in the slopes descending into the 
valley of Pacitie Creek. This feature was especially remarked from 
Station XLVIII, from which point of view a high crown of the mount- 
ain to the north of the cation slopes shows a series of buff, rusty buff, 
and reddish streaked beds, probably representing the Silurian and lower 
beds of the Carboniferous, dipping steeply to the northward. On the 
opposite or southeast flank, which falls into a broad depression opening 
between the upper valley of Black Rock Creek and the Buffalo Fork, 
the strata rise up on the mountain presenting escarped exposures facing 
Buttalo Fork Peak and the cation. On the outer slopes the “red beds ” 
reach up several hundred feet, apparently curving round this side of 
the mountain conformably with the Carboniferous and older sedimentary 
formations. This feature is finely displayed from the heights just south 
of Togwotee Pass, a few miles to the east-southeast; but the interven- 
ing undulating surface seems to be covered with the débris of the vol- 
canic deposits, so that the “red beds” may constitute ae latest of the 
sedimentary deposits visible. 
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The Black Rock Creek, near the foot of Station XLIX, opens into a 
fine, high, shallow basin, which extends thence in an easterly direction 
several miles to the summit of Togwotu Pass, where the altitude is, 
according to Captain Jones, 9,621 feet. The ascent of the valley is over 
successive benches having something the character of morainal accwnu- 
lations, through the lower edges of which the stream breaks its way in 
narrows, opening above into beautiful park expanses, diversified with 
grassy slopes and forest-clad border hills. The southern hills are very 
generally clothed with spruce; the opposite slopes, exposed to the sun, 
appear to be the congenial habitat of the pine. In the lower portion of 
this valley we meet with red earth, supposed with good reason to be 
derived from the disintegration of the Triassic “red beds,” and wherever 
these deposits occur in valley depressions they are associated with lux- 
uriant herbaceous growth. Indeed the valley, like so many of the pass- 
valleys in this region, is excavated out of these deposits. In the slopes 
south of the stream obscure exposures of light-drab indurated calcareous 
deposits occur, and at one point in the south bank of the creek, these 
show a limited bluff exposure of light-drab clays and light fragment- 
ary limestone, dipping gently southwestward. Although no fossils were 
observed in these deposits, they are believed to belong to the Jurassic. 
Beyond the latter, to the south, such exposures as are visible in the 
forest-clad outlying slopes of the volcanic-capped crest south of Togwotee 
‘Pass, show light-brown earthy deposits, gently inclined south or south- 
westward, which appear to merge into the deposits constituting the axial 
ridge of the Mount Leidy highlands. Higher up the valley brown shaly 
sandstone layers are apparently associated with these deposits. The 
banks of the stream also exhibit exposures of a steel-brown deposit like 
that resulting from the decay of the volcanic breccia. As we pass up 
the valley the breccia hillocks become higher and more rugged, and 
associated with the igneous bowlders scattered over the surface, others 
ot hard sandstone, and other quartzose rocks occur, which were probably 
brought down from the neighborhood of Buffalo Fork Mountain. There 
are a variety of products referable to voleanic origin besides the gener- 
ally prevalent breccia, and in the banks of the stream occur banded 
dark-brown and drab soft sands, nearly horizontal or slightly inclined 
southward. The trachytic breccia and huge masses of the sombre, green- 
tinged conglomerate become more and more abundant, and in places are 
noted heavy-bedded horizontal ledges of reddish-brown weathered por- 
phyritic trachyte. The breccias appear in particularly rugged exposures 
in the west slope of the summit, where they show exposures of 50 feet 
in thickness, at an elevation of 700 to 900 feet above the lower end of 
the valley where they were first encountered. 

The approaches to the summit of Togwotee Pass are easy, and the spot 
itself is one of the most interesting, both for its geologic as also its pic- 
turesque surroundings. Itis filed with open grassy undulations whose 
hollows hold pretty lakelets, the declivities dotted with beautiful groves. 
of pine and spruce, and threaded by tiny rivulets bordered by charming” 
little intervales, and miniature terraces bright with many-hued flowers. 
and the white blossoms of a delicate clover. Densely wooded taluses. 
‘Sweep up into the mountain heights on either hand, whose lofty, precipi- 
seston walls form a majestic gateway to the pass across the great water- 
‘shed. 

'» The mountain on the southwest side of the pass afforded a good oppor- 
‘tunity to gain a general knowledge of the character of the vast sedi~ 
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mented volcanic accumulations out of which these mountains have been 

sculptured. The summit of this peak rises a thousand feet above the 

pass, and on all sides its slopes are steep, on the east precipitous. The 
above-mentioned sombre voleanic breccia enters largely into the forma- 

tion of the basis of the mountain, reaching more than half-way to the 

summit. Then succeeds several hundred feet thickness of partially ex- 

posed breccias, the steep slope covered with débris up to the shoulder, 

from which rises the huge angular block that crowns the summit of the 

mountain. The basis of this block is formed of drab breccia and inco- 

herent or partially consolidated volcanic sands. A thickness of 20 feet 

of conglomerate forms the plinth. The latter ledge presents great 

variety in its components, bowlders and pebbles smoothly rounded, of 

various shades of pink, drab, and red trachytes, porphyritic trachytes, 

basalt, &c., which have a more or less distinct bedded appearance (in 

the mass this is even conspicuously displayed) interlaminated with lami- 

nated soft sands which are very irregularly distributed through the: 
mass, though having every appearance of aqueous deposition, and a 

general horizontal arrangement in more or less heavy beds. Seams or’ 
laminze of calcite were observed in this bed. The uppermost deposit 

shows a thickness of above 50 feet of a brecciated mass, consisting of 

angular fragments of various kinds of volcanic rocks held in a fine, soft 

drab-gray paste. These masses, by weather action, are wrought into 

many curious shapes, rent and fissured and pinnacled, with cornices and 

ashy, sandy taluses, which give to the mural exposures, seen at a dis- 

tance, the sombre and light-gray banded appearance which render their 

recognition so certain wherever they appear. 

Notwithstanding the smoky state of the atmosphere, the view from 
this high station was of unusual interest. The opposite side of the pass 
is walled by far grander escarpments of the fragmental voleanies which 
have intimate connection with a mountain ridge extending many miles 
to the eastward, where it merges into that portion of this great voleanic 
highland belt to which Captain Jones applied the name Sierra Shoshone. 
This east-west ridge, itself of titanic proportions, forms the water-divide 
between the sources of Buffalo Fork and the northern affluents of Wind 
River, and throughout it presents the same stupendous mountain wall. 
The main Wind River heads in the angle formed by this ridge and the 
northern extension of the Wind River Range on its southwest. The 
latter ridge is capped for a few miles by the voleanie breccias, a long, 
spur-like ridge putting out from the peak of Station L, which was located 
on the above-described mountain on the southwest side of the pass. 
But a little to the east, or southeast, the main crest of this ridge is 
formed of heavy deposits of dark, sombre, basalt-like lava, which stretches 
for many miles along the level, wooded crest, presenting a low mural 
break facing Wind River Valley. In the midst of this ridge, about five 
miles southeastward of Station L, the surface swells up into a low flat 
«lome, composed of dark and red scoriaceous lava, which forms slides of 
deep red débris in the mountain side. It may be that this dome, on 
which Station LI was made, marks the site of a gigantic crater from 
‘which issued the voleanic effusions that make up the bulk of the mount- 
cain crest. Jam indebted to my young friend Stephen Kiibel, assistant 
‘topographer, for the following details in relation to the disposition of the 
-voleanic products in the vicinity of Station LI, as derived from his ob- 
servations and specimens brought to camp. The highest part of the 
summit shows a cap of black, more or less scoriaceous lava, underlying 
‘which oceur red and yellow scoriaceous lavas, the latter apparently 
‘forming an intermediate belt between the black and the red, as appears 
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when viewed at a distance; the red lava forming the principal material 
in the great débris slide in the east face of the mountain. In the lower 
portion of this slide fragments of a more compact trachytic variety of red 
lava were found. In outlying ridges, at the foot of the steep ascent, a 
grayish, thin-bedded, slaty volcanic rock occurs, the ledges much dis- 
turbed, being tilted in various directions. Near by large masses of dark 
rusty voleanic rock oceur, which may be the same as that forming the 
level crest of the flanking ridge. Thesedata furnish conclusive evidence 
of the voleanic character of an extensive belt along this part of the 
watershed ; just how far to the southeast it extends, I cannot say, though 
it is my impression that it reaches in that direction more than half the 
distance from Togwote Pass to the Warm Water or Union Pass. 

An arm of what may be termed the Togwote Mountains, comprising 
the voleanic-capped watershed between Buffalo Fork and the extreme 
eastern sources of Snake River and the Wind River drainage, which 
reaches westward into the depression east of Buffalo Fork Peak, shows 
the voleanie breccia deposits gently uplifted, as though they had par- 
taken to some extent in the upheaval which brought to view the Ar- 
chan rocks in the Buffalo Fork quaquaversal. Looking northeastward 
from Bufialo Fork Peak, further evidences of disturbance are noted in 
connection with the volcanics that form the distant ridges about the 
sources of the Yellowstone and Buffalo Fork, to the southeast of Two- 
Ocean Pass. Dark banded deposits in that quarter, apparently vol- 
canic, show a broad, shallow synclinal, the axis of which seems to run 
in a southwesterly and northeasterly direction. But in the point be- 
tween Lava Creek and Buffalo Fork, these deposits, appearing in gigan- 
tic escarpments rising into high, bare mountain ridges and plateaus 
encircling the ultimate sources of this drainage, are quite horizontal, or 
but very slightly inclined in the exposed faces presented to view from 
this direction. 

This whole region is one of most forbidding grandeur. The volcanic 
crests all rise above timber-line, while their precipitous sides show the 
dull banded voleanic ledges almost destitute of vegetation. But the 
taluses are generally heavily wooded, and at the time of our visit 
immense columns of smoke from forest conflagrations rose high in air, 
‘in places blotting out the view of distant mountains. 
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CHAPTER. V. 


ARCHAAN AREAS. 


In the extreme southwest corner of the district surveyed, a limited 
belt of Archean rocks extends northward from the Mount Putnam zone, 
but is much obscured, if indeed it shows a fair exposure at all in our 
district, by Pliocene and detrital materials which cover the western 
flank of the mountain immediately south of the caiion of Ross Fork. 
But just over the line within the territory assigned to Messrs. Peale and 
Gannett, these rocks attain the magnitude of heavy deposits, consisting 
of green chloritic slates and quartzites, which in Mount Putnam are 
tilted into a vertical position, with perhaps slight general inclination 
from the verticala little south ofeast. Still farther to the south they may 
be advantageously studied in the section along Portneuf River where it 
cuts across this mountain ridge on its way to the Snake plain. 

Over the mountainous region extending east from the Snake plain, in 
which is found a system of extraordinary plications in the earth’s crust, 
none of the ancient crystalline rocks are brought to view, unless such 
may have appeared in some of the deep basin depressions, where, how- 
ever, subsequent effusions of volcanic matter and accumulations of 
quaternary materials have sealed from view the vestige of these rocks. 
It is not until we approach the culminating crest of the district that 
these rocks are-encountered, and where their erosion has produced some . 
of the most sublime and beautiful mountain scenery in the Northwest. 
The nucleal rocks of the Téton Range are composed of rocks of this age. 
Their distribution and general characteristics have already been no- 
ticed in the detail account of the examination prosecuted in this 
quarter, and it is only necessary to briefly mention their occurrence in 
this place. : 7 

It is evident, even after so cursory study as the past season allowed, 
that the metamorphic or gneissic and schistose varieties of rocks con- 
stitute by far the most prevalent rocks of the Archean series in this 
region. But in the cluster of peaks surrounding Mount Hayden as well 
as the noble peak itself, a light and flesh-colored granite forms the core 
upon which atmospheric erosion has wrought with so. wonderful results 
in mountain architecture. As seen from the opposite side of Jackson’s 
Basin, the mass in the great peak seems to have a bedded structure, with 
dips, according to Professor Bradley, but little from the vertical; but 
from the west the mountain presents vertical precipices of enormous 
height, in which the granite appears in huge angular blocks or slab-like 
masses with polished, glistening surfaces. ‘To the north the Archean 
area expands, occupying quite the entire breadth of the range along a 
line drawn through Mount Moran, and over the greater part, if not the 
whole, of this bared area the rocks are gneissic, or such their peculiar 
sharp, jagged manner of weathering pronounces them. Immense sur- 
faces of the rocks in this quarter are laid bare by erosion, in which 
former glaciers may well be credited with an ample share. The crest of 

this expanded belt forms a prominent spur which abruptly terminates 
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in a conical peak overlooking the great western foreland, in the vicinity 
of the sources of North Fork of Pierre’s River and Leigh’s Creek, the 
upraised volcanics of the foreland here, as to the south, coming into 
direct contact with the Archean rocks. But to the north of this great 
spur the watershed crest is soon capped by the Silurian, the Archean 
being crowded to the eastern border and finally abruptly terminates in 
a comparatively narrow, low ridge, beyond which spreads the high 
voleanic plateau separating the Henry’s Fork drainage from the lake 
region. This northern terminal ridge, like Mount Moran, lies to the 
east of the water-divide of the range, and its northeast flank Professor 
Bradley found partially enveloped in a remnant of Paleozoic deposits. 
But south of Jackson’s Lake, to the vicinity of the cafion of Fighting 
Bear Creek, the whole eastern face of the range shows the bared 
Archean ledges in one of the most majestic mountain fronts on the con- 
tinent. South of the latter point the heights are crowned by the sedi- 
mentaries, which gradually increase by the addition of successive for- 
mations in the order of their superposition as the Archean nucleus de- 
clines in elevation, until, at the southern extremity of the range, the 
sedimentaries lap continuously over the mountain ridge in a series of 
folds whose continuity in the direction of their longitudinal axis seems 
to have been broken by the mountain corrugations in the Snake River 
Range, which intersect the Téton uplift at a sharp angle. 

Along the summit of the range to the south of West Téton Creek the 
Archean rocks at first occur in a narrow belt, with ganglion-like ex- 
pansions or isolated areas in the beds of the amphitheatres in which the 
main west-side drainage is gathered before it flows out into the basin 
through the gorges the streams have cut across the sedimentary fore- 
land. This southern extension of the Archean also appears to be largely 
composed of gneissose and schistose rocks, the structural features of 
which, however, are too indistinct to be readily made out except by 
numerous and careful examination, for which purpose our time was far 
too limited. 

The stupendous elevatory movements in which originated the range, 
resulted in a vertical displacement of probably not less than 15,000 feet. 
It appears to have been a long elliptical zone, along the eastern border 
of which the forces were concentrated, resulting in the tilting of the 
mountain mass with abrupt dips on the east and more moderate inclina- 
tion on the west; while in the central portion, in the vicinity of the 
present dominating heights, it is almost impossible to believe otherwise 
than thatthe upthrust of the granitic core completely severed the sedimen- 
tary and metamorphic crystalline mantle. Along the greater extent of 
the eastern front the displacement was probably abrupt, and if it did 
not result in the faulting of the sedimentary deposits, it so fractured 
them as to give easy access to those potent agents in mountain degrada- 
tion resident in the atmosphere, and which have left but the meagre 
skeleton of the foundation of this side of the range, from which we may 
endeavor, with greater or less success, to conceive the mighty changes 
that have been wrought in the lines of its contour, and rehabilitate the 
mountain to its prime. 
- The Gros Ventre Range shows a less lofty and more uneven Archean 
belt, the rocks at the western end consisting chiefly of much distorted 
gneissic and schistose ledges. As inthe Téton Range the disturbances to 
which these early metamorphic rocks were subjected prior to their up- 
heaval in the present mountain range, the few facts we possess throw 
little light on even the general phases of these early movements; but in 
the later upheaval the records, as laid open to inspection by erosive 
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agents, are clear and readily intelligible. The elevation of the range 
appears to have been effected by a series of parallel folds, trending gen- 
erally southeasterly and northwesterly, and culminating along the south- | 
ern border where the Archean nucleus is upthrust in a oreat wedge- 
shaped mass, the degradation of which has produced asymmetrical cone 
something like the sharp ridge peaks and aiguilles in the Tétons. The 
eastern portion of the crest of the range, I believe, has never been ap- 
proached, so that we are unable to say what the relations of the nucleal 
rocks are in that quarter. So far as could be determined from the heights 
at the western extremity to the eastward the Archean core gradually 
sinks, admitting a greater and greater depth. of sedimentaries to rest 
upon the axial region. 

The range forms a sort of transverse bar or truss connecting the Wind 
River Range with the Tétons. Dr. Hayden in 1860 found the saddle at 
the eastern end filled with Tertiary deposits, which rise high up on the 
opposite or western flank of the Wind River Mountains. In a preceding 
page it was stated that to the west the Archean ridges sink and are 
plated with the sedimentaries, so that while this relationship to the 
two great ranges is quite marked as a topographic feature, geologically 
considered. it probably forms an independent uplift, the exact date of 
which I am unable to state, although it was at a comparatively modern 
period, as evidenced by the tilted position of the Pliocene beds that dip 
gently off the flank of the range in the borders of Jackson’s Basin. This 
fact alone would lead to the inference that the Gros Ventres have been 
subjected to elevatory movements which were continued after the depo- 
sition of the Pliocene lake-beds to a very recent date compared with 
any records of similar movements in the range of the Tétons. 

To the north of the Gros Ventre Range, and a few miles west of or 
about midway in the western slope of. the continental watershed, Buffalo 
Fork of Snake River has excavated a deep, flaring cation Across. a dome- 
shaped uplift, the nucleal rocks of which consist of much contorted, fer- 
ruginous-stained gneissose ledges, of which a height of several hundred 
feet i is exposed, forming the abrupter walls of the gorge. This is prob- 
ably the locality referred to by Professor Comstock in his report to Capt. 
W. A. Jones on the geology of the country traversed by the military 
reconnaissance of Western Wyoming, 1873, p. 105: “ Between the Two- 
Ocean Pass and Togwotee Pass there are exposures of a metamorphie 
group which undoubtedly represent the ridge of some mountain range 
or its spurs, though it is a difficult matter at present to define its rela- 
tions to the main chains.” The date of this uplift, however early its in- 
ception, must have extended to a period subsequent to the deposition of 
the Tertiaries, which latter both Professor Bradley and Professor Com- 
stock report as being much disturbed on the flank of the mountain; and, 
as elsewhere remarked, there are some grounds for the belief that even 
the latest of the later voleanic accumulations, the great breccia conglom- 
erate, may have to some slight degree at least partaken in this upward 
movement. Once comprehending the isolated position of this bulged- 
up mountain mass, the mind naturally seeks some explanation of the 
origin of the gorge which separates the dome into halves, and whose 
bed is at present threaded by the diminished channel of Buffalo Fork. 
The apparent continuity of the Paleozoic deposits which reach up into 
the very crest of both the north and south side mountains, and which 
once doubtless spanned the chasm that now divides them, militates 
against the supposition that the course of the present stream was marked 
out by, or followed ‘a fracture or crevice across the mountain; and al- 
though the results of upheaval are here manifested in an extraordinary 
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manner by the steeply tilted beds that lap up on the sides of the mount- 
ain, there is, perhaps, no necessity for referring the results to more vio- 
lent manifestations of disturbance than those accompanying the very 
gradual and long-continued elevatory movement which, only allowing 
time, would be sufficient for the elevation of the mountain into its pres- 
ent magnitude, and the erosion of the predetermined stream-bed to its 
present depth in its passage across the disturbed area. 

Although the southeast corner of our district includes the Archean 
zone of the Wind River Range, at no point did opportunity offer to pen- 
etrate this interesting region. But we know its general features from 
the early explorations of Dr. Hayden, who reported the northern con- 
tinuation of the watershed north of Union or Warm Water Pass to be 
enveloped up to a high altitude by Tertiary deposits and capped by vol- 
canies, as we found to be the casein the neighborhood of Togwotee Pass, 
where not the vestige of Archzean nor Palzozoic rocks, in situ, were ob- 
served. 


PALZOZOIC AREAS. 


Besides the Paleozoic belts that encompass or partially surround and 
reach up on Archzan areas, in whose elevation they have likewise par- 
ticipated, there are considerable zones of rocks belonging to this era in 
various parts of the district, the upheaval of which, although accompa- 
nied by extraordinary displacements, did not bring to view the crystal- 
line basis-rocks. The greater portion of the south and southwest is oc- 
cupied by upheavals of the latter class. But it will perhaps facilitate 
the review of this series of formations briefly to define the geographical 
position of all these areas. Commencing on the western border, they 
may be considered in the progressive order of their occurrence to the 
east. 

In the extreme southwest, the monoclinal ridge which finishes off 
the northern terminus of the Mount Putnam, or more properly the 
Portneuf Range, exhibits apparently the full series of Palaeozoic forma- 
tions, as they are here developed, reclining upon the eastern flank of 
what was doubtless once an anticlinal fold, whose western declivity 
a. in the course of the erosion of the great basin of the 

ake. 

To the northeast of the Putnam hills a few miles, these formations 
have been brought up in an approximately parallel low ridge southwest 
of the Blackfoot, in which the upper siliceous beds of the Carboniferous 
have been tilted into nearly vertical position—indeed, sometimes past 
verticality—where the quartzitic ledges give origin to the rather promi- 
nent crests of Higham’s Peak. A few miles north of the latter point the 
ridge is’ completely cut down in the cafion of the Blackfoot, in the walls 
of which Dr. Hayden, in 1871, observed nearly the full series of Palao- 
zoic rocks, dipping to the eastward and covered by the upraised volcan- 
ics. Although this ridge presents a rather well-defined topographic 
feature, geologically it is much complicated, the southern and northern 
folds in which these rocks appear belonging to two very distinct sets of 
dynamical actions which intersect one another nearly at right angles, 
the southern of which belongs to the Mount Putnam system of folds. 

In the much-disturbed region of the Blackfoot Range, next east, and 
the low parallel basin ridges southeast of the southern extremity of that 
range, with a single exception, no rocks of an earlier date than the Car- 
boniferous were met with. This belt is almost coextensive with the 
length and breadth of the range, and at the south it embraces a limited 
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patch of Carboniferous, which is detached from the main ridge by a de-: 
pression floored with basalt. 

Along the northeastern border of the Caribou Range occurs a narrow 
strip of Paleozoic deposits, extending a distance of 20 miles in a north- 
westerly and southeasterly direction below the narrows in the lower val- 
ley of the Snake. The older deposits are mostly covered by volcanic 
flows, but the Carboniferous is finely displayed, especially the upper 
horizons, in the lower flanks of the range, inclined to the southwest. It 
appears that these deposits once arched over the trough of the present 
valley of the Snake, which was excavated along the crest of an anti- 
clinal fold, or a series of sharp folds, in this part of its course. | 

In the Snake River Range, on the opposite side of the valley, there 
are apparently two parallel belts of Paleozoic strata, of which the south- 
western reaches probably the entire length of the range, forming a grad- 
ually expanding belt along the southwest border of the range to the 
southeast. On the opposite side of the range, what remains after the. 
erosion of Pierre’s Basin, constitutes an irregular, narrow belt, which 
shows its greatest breadth to the northwest, in the Pierre’s Mountains. 
Both these zones are Carboniferous in their constitution, which consti- 
tute the most ancient of the sedimentary formations as yet detected in: 
this range. They appear to have been raised up in great folds, that to 
the northeast, bordering Pierre’s Basin, being accompanied by abrupt 
flexure or faulting, with downthrow on its northeast side. 

The Téton Range exhibits by far the most considerable area of these 
rocks. The vertical displacement accompanying the upheaval is meas- 
ured by thousands of feet, or between three and four miles, and on the 
Slopes of the Archean axis almost if not the entire Paleozoic series is 
laid open to view in the gorges which the streams have eroded out of 
their substance. They constitute a heavy plating along almost the en- 
tire western declivity of the range, their continuity being interrupted 
over a space of only a few miles across, between Bear Creek and the 
north fork of Pierre’s River, where they have been denuded, the subse- 
quent volcanic flows impinging on the granites. But to the north and 
south they fold quite round the extremities of the range, and it is in the 
latter quarter they maintain their complete development, preserving the 
topmost siliceous horizons of the Carboniferous, immediately succeeded 
by the superimposed Triassic “red beds.” The series as here consti- 
tuted embraces the quartzites of the Potsdam, the Quebec Group lime- 
stones, the Niagara dolomitic limestones, and the Carboniferous, a 
generalized section of which will be given presently. 

Assuming the movement to have been gradual, it seems almost certain 
that the elevation of the range began to the north, where we find it has 
been subjected to the greatest amount of erosion, which has bared the 
Archean nucleus over an extensive area, and swept the Paleeozoics from 
the entire breadth of the range. The precise date of the inception of 
the elevatory movement may be beyond determination; but, relatively, 
it belongs to a post-Jurassic and possibly even to Cenozoic time, although 
it is believed to have preceded the elevation of the Snake River Range, 
which latter movement involved a set of early Tertiary deposits, Lara- 
mie(?), of which there has been observed as yet not a vestige in the 
Téton Range proper. But this movement has continued up to a late 
date as evidenced by the inclined position of the volcanics on the flank 
of the mountain. ‘ 

. In the Gros Ventre Range the Paleozoics oceupy an area only less 
extensive than that in the Téton Mountains. Also there here occurs 
the same series of formations, but they have not been subjected to the 
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same excessive denudation, the northern flank of the range at least 
bearing a heavy protecting mantle of early Mesozoic strata. However, 
in the interior. portion of the range they are bared in magnificent escarp- 
ment exposures, the various formations impressing their individual 
characteristics on the mountain topography. 

The Buffalo Fork Peak uplift has brought to light an equally inter- 
esting,exhibition of the Paleozoic rocks, and associated with phenomena 
which may have important bearing on the physical history of the era in 
this quarter. The quartzite and Quebec Group limestones, although 
holding a prominent place in the stratigraphy, do not attain the same 
degree of development as do the same deposits in the Téton Range. 
And in connection with this attenuation of the upper limestone of the 
Quebec, there appears to have been no cessation in the deposition of 
calcareous matter, and the one or two hundred feet of passage limestones 
intervening between the Quebec and Carboniferous deposits, if they 
prove to be Niagara at all, show the same diminution in the amount of 
limestone-making materials that were here thrown down upon the sea- 
bed during that epoch. The Carboniferous, however, apparently attains 
its usual development, and in the character of its components and 
lithology the closest agreement obtains with its appearance in the Gros 
Ventre and Téton Ranges. 

From the observations of Dr. Hayden and Professor Bradley, together 
with such information as was derived during the present season’s explor- 
ations, the following general section of the Paleozoic series in this 
district has been prepared : 
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General section of Paleozoic formations in the Téton district. 


ARCH ZAN. 


PALEHOZOIC. 


| UPPER SILURIAN. 


Alternations of more or less arenaceous limestones, sandstones, and gritty shales; 500 © 
and less to 1,000 feet. Permo-Carboniferous division of the Upper Carboniferous. 


PERMO-CARB. 


Alternations of quartzitic sandstones, gray, more or less cherty limestones, and red 
cle layers; 1,000 to 2,000 feet. Upper Coal-Measure division of the Upper Carbon- 
‘erous. 


H 


CARBONIFEROUS. 


Generally more or less cherty limestone, with local interpolations of quartzitic sand- 
stone or siliceous beds, and red arenaceous shales; 1,000 to 2,000 feet, more or less. 
Lower Carboniferous, including, possibly, several at least locally defined divisions, 
which resemble similar epochal divisions in the Upper Mississippi region. 


‘ 


! Lownr Cars. | Upper Carn. 


f 
i 
if 
i 


4 | Heavy-bedded buff magnesian limestone, usually weathering in castellated exposures; ~ 
i 400 feet and less to 600 feet. Inthe southwest occurs a local development of light- 

ei colored, rough-weathered quartzitic sandstone, 50 feet or more in thickness, appar- 
=| ently occupying the place of the dolomitic limestones. Also local developments of | 
a drab shales, 100 feet, more or less, occur in this*horizon. 


Generally even thin-bedded limestones; 50 to 200 feet. Upper limestone. 


Shales, more or less arenaceous, with thin indurated arenaceous bands and limes 
stone layers; 200 feetandless. Interchangeable with the above occurs a quartz- 
ite conglomerate, 50 to 150 feet thick, forming an inter-Quebec horizon of variay 
ble local aspect. Passage beds. 


CANADIAN. 


Quebec Group. 


Limestone, usually thin-bedded, in places brecciated, rusty-weathered, but quite 
enable in local appearance and vertical extent; 50 to 200 feet. Lower lime 
_ stone. 


) 


LOWER SILURIAN. 


Arenaceous indurated deposits, rusty and dirty-yellow weathered, and sandstone, 
sometimes glauconitic, but also white and variable, based upon quartzite, also 
variable in color, laminated and conglomeritic; 200 to 300 feet, more or less: 


| PRIMORDIAL. 
Potsdam 


{ 
i 
H 


}- 


Quartzites, micaceous and chloritic slates, forming heavy deposits several thousand feet in 
thickness. Developed in the southwest, but apparently absent in the central and east- 
ern portion of the district. 


Gneisses, various schistose rocks, and granite. 


LAURENTIAN. | HURONIAN?] 
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For convenience of reference the lower limestone horizons of the 
above section are designated by the terms upper and lower Quebec, by 
which it is not intended to convey the impression that these beds repre- 
sent or are the equivalents of the earlier and later depositions during 
the Quebec epoch,—a determination for which paleontological evidence 
is at the present time wanting, but which will be of use hereafter in re- 
calling these quite persistent calcareous horizons. 


PRIMORDIAL QUARTZITES, 


In the extreme southwest portion of the district a narrow tongue of 
the Huronian (?) quartzites of Mount Putnam extends down to Ross 
Fork, but it is so obscured by denudation and later deposits as scarcely 
to be regarded as an element in the present stratigraphic history of the 
district. Indeed the basis quartzite of the present series, or Potsdam, 
does not present a fair exhibition in this quarter within the limits of our 
territory at the points visited the present season. But on the north- 
eastern flank of Mount Putnam, the high northern culminating peak of 
the Portneuf Range, occurs a considerable thickness of dark, rusty-red: 
sandstone, finely laminated below, presenting a much broken up expos- 
ure resting upon the heavy quartzite, which latter runs up into the crest 
of the mountain. This rusty quartzitic sandstone may represent the 
Potsdam in this quarter, but the immediately superimposed deposits 
associated with this ledge are so obscured as to give no clew as to their 
character. 

We do not again meet with authentic exposures of this horizon until 
reaching the Téton Range. Here they were studied by Professor Brad- 
ley, who ascribed to the inferior “very compact ferruginous quartzite” 
a thickness of 50 to 75 feet. Overlying the latter occurs a space of 200 
feet or more in which appear white and reddish laminated quartzitic 
sandstones, usually evenly bedded, but the exposures are obscure in the 
slopes below the forks of West Téton Creek where they were examined 
last summer. But higher up on the mountain Professor Bradley had 
opportunity to examine this horizon in the free slopes of the high Alpine 
ridges, where they show “about 300 feet of partly compact and partly 
shaly glauconitic sandstones, which are evidently equivalent to the so- 
called Knox sandstones of Safford, which form, in Tennessee, the lower 
part of the Quebec Group.” Professor Bradley observed no fossils in 
these beds, and he was of the impression that they are “unequally dis- 
tributed,” though, so far as could be determined, they constitute a per- 
sistent element in the stratigraphy of this region. 

The same set of deposits evidently occurs in the Gros Ventre Range, 
also in the Bufialo Fork Peak uplift. In both these localities the inferior 
conglomeritic laminated quartzite and quartzitic sandstone are associated 
with interlaminations of a beautiful white quartzite in which the grains 
of silica often have the appearance of the roe of fishes. In the Gros 
Ventres the quartzite was seen in immediate contact with the uncon-* 
formable Archzean schists, from which it is separated by a handsome 
rose-colored, finely-laminated, gneissose lamina, which may be the meta- 
morphosed inferior layer of the quartzite. The overlying portion is 
made up of rusty indurated layers and dirty-yellow deposits, which, how- 
ever, do not reach the same thickness as reported in the Téton Range. 


CANADIAN.—QUEBEC GROUP. 


The identification of rocks of the age of the Quebee Group, in this 
northwestern region, I believe, was based upon materials brought in by 
31 Gs 
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the expeditions of the survey during the season of 1872, and the collec- 
tions from the Téton region and vicinity of Fort Hall, made by Professor 
Bradley, afforded Mr. Meek the means of establishing this identity 
on paleontological evidence. But in their lithological peculiarities we 
possess an almost equally sure means of recognizing these deposits, and, 
in the absence of fossils at many localities, it becomes of great import- 
ance to pay close attention to the local phases under which these rocks 
appear in remote sections of the district. They are believed to be-uni- 
formly developed as two distinct limestone deposits, which may be dis- 
tinguished by the provisional terms wpper and lower Quebec limestones. 

Lower (uebec limestone.—In the Mount Putnam ridge, at Station I, 
the lower Quebec limestone, showing a thickness probably between 200 
and 300 feet, is made up apparently of three limestone beds. The lower 
is a dark gray, even-bedded limestone, overlaid by a rough-weathered 
buff limestone somewhat resembling the Niagara, the upper bed showing 
a thin-bedded, dark-gray, brecciated limestone. No fossils were found 
in these beds. In the Téton Range, especially in the sides of West 
Téton Creek Valley, this lower ledge shows in an exposed thickness of 
50 feet, or more, an even thin-bedded, rusty drab impure limestone, with 
purer dark-drab layers, traversed by calespar seams, and containing 
minute crystals of iron, to the presence of which is doubtless due the 
brown-stained appearance of the rock in the extensive mural exposures 
here and elsewhere found. In the Gros Ventre Mountains the ledge 
exhibits much the same lithological characters above cited. But at 
Bufialo Fork Peak, where it shows an exposed thickness of 50 to 75 feet, 
it consists of bluish and dark-drab, brecciated, thin-bedded, rough-weath- 
ered limestone, the lower portion brown-gray and dirty-yellow stained, 
also destitute of fossils. It will have been observed that the horizon 
presents marked contrasts in the eastern and southwestern areas of its 
‘exposure, both as regards its lithology and the comparative duration of 
‘the conditions favorable for the accumulation of its component materials, 
‘which in the latter quarter allowed the deposition of a thickness of 
‘caleareous sediments more than double that which obtained in the Tétons 
‘and to the east. 

In the Téton Range the intermediate or passage beds between the 
upper and lower Quebec limestones were at no point visited revealed, 
‘the slope, usually short, between the two almost invariably showing a 
‘steep débris-covered talus; as was also the case in the Gros Ventre Range. 
_ But in the Buffalo Fork Peak the component strata of this horizon are 
well displayed, presenting below yellowish areno-micaceous clays, with 
indurated layers charged with a small orbiculoid shell and thin layers of 
dirty-drab limestone, on the weathered surfaces of which are crowded the 
fragmentary remains of Trilobites and other fossils ; among others there 
have been identified the genera Conocoryphe and Dicillocephalus. 'The 
upper portion of the deposit is here composed of bluish-drab shales and 
brownish-gray shaly sandstone, the latter probably corresponding to the 
indurated arenaceous layers with the orbiculoid shell above mentioned. 
The deposit at this locality probably reaches a thickness of between 100 
and 209 feet, and the fact of its satisfactory exposure is due to its posi- 
tion in the crest of the elevated ridge culminating in Buffalo Fork Peak. 
The supposed equivalent horizon in the Mount Putnam ridge north of 
Ross Fork, at Station II, is occupied by a heavy ledge of conglomeritie 
quartzite, which shows in exceedingly rough-weathered exposures 40 to 
50 feet in vertical extent, but it is probably thicker, the space above and 
below, together with its outerop, reaching 100 to 150 feet. The charac- 
ter of the associated deposits immediately above and below was not as- 
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certained, but from the appearance of the slopes, their soft shaly nature 
may be inferred. The conglomerate seemed to be without fossils. The 
occurrence of this deposit marks a prominent change in the relative 
coarseness and degree of induration of the materials accumulated in this 
quarter, though their derivation in both cases is, with our present meagre 
information, involved in much obscurity. 

Upper Quebec limestone.—The upper Quebec limestone shows almost 
the same development in the three principal areas, and wherever it 0¢- 
curs it is characterized by a fossil fauna, whose species are represented 
by an abundance of individuals. The Mount Putnam ridge, at Station 
II, is capped by this member, where it shows a thickness of perhaps 
200 feet. The rock consists of generally thin-bedded, fragmentary, 
sometimes brecciated limestone, in color gray, grayish-buff, and pinkish 
tinged, with buff indurated or shaly partings, certain layers being 
charged with the disjointed or fragmentary remains of small-sized Tri- 
lobites and a little Gasteropod resembling Raphistoma. 

In the west flank of the Téton Range, wherever the series is exposed, 
this horizon takes a prominent place in the stratigraphy of the magnifi- 
cent sections here displayed. Its mural exposures, showing an exposed 
thickness of 100 feet or more, are traced for miles in the canon walls 
and as outliers in the Alpine region of the mountains. The peculiar 
brown color of the weathered exposures, as well as the even-bedded 
structure of the deposit, resemble those features of the inferior ledge. 
In West Téton Creek Caiion the main portion of the rock consists of 
dark bluish and bluish-drab, even and thin-bedded, sometimes shaly, 
more or less pure limestone, in places mottled with dirty-yellow spots, 
the exposed surfaces of the layers presenting the peculiar rough- 
weathered appearance so commonly associated with this rock. Above 
the rock seems to pass through a gradation of thin shaly layers into the 
overlying shales, this portion of the exposure usually presenting a rusty 
yellow appearance. In débris at the mouth of the canon, probably de- 
rived from this horizon, a few fragments of Trilobites were found. 

On the western flank of the Gros Ventre Range, south of the Little 
Gros Ventre, these strata are raised up on the mountain, and also appear 
in mural exposures at various points in the higher interior portion of the 
range. It is here a drab, thin-bedded limestone, the exposed bedding 
surfaces roughly weathered, the escarpment exposures showing the 
characteristic dark rusty, even-bedded outcrop, and a thickness of 1060 
feet or more. The rock is traversed by thin seams of cale-spar, giving 
it a mottled appearance, and breaks into small fragments under the 
hammer. 

. To the northeastward the horizon becomes much attenuated, as shown 
in its outcrop at Station XLIX, in the vicinity of Buttalo Fork Peak. 
At the latter locality the bed is made up of drab, butf-mottled, shaly, or 
thin-bedded fragmentary limestone, exposed thickness 50 to 75 feet, and 
contains the broken parts of Trilobites and other fossils. Of the isolated 
remnant preserved in the Upper Gros Ventre Butte, and which may 
properly be referred to the Téton area, I can add nothing from personal 
examination to the mention it received from Professor Bradley. 

The Quebec-Niagara beds of passage.—The horizon of the beds of pas- 
sage between the Upper Quebec limestone and the next succeeding 
limestone above, offers most interesting phenomena of the varied physi- 
cal conditions prevalent during this epoch within the limits of the present 
district. So far as our present knowledge extends, it is difficult to assign 
to the time conditions productive of particular or normal results, so dif- 
ferent were the materials deposited at this time in different portions of 
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the region, and indeed the apparent omission in certain localities of any 
cessation in the conditions favorable to the accumulation and deposition 
of caleareous matter, by which the Upper Quebec limestones were made. 
to form part of an uninterrupted series of limestones reaching up into 
the Carboniferous. ’ 

In the southwest the horizon is occupied by a heavy ledge of light- 
colored, rough-weathered fragmentary quartzite or quartzitic sandstone, 
of which a thickness of at least 50 feet is exposed in the Mount Putnam 
Ridge. Low in the southwest flank of the Blackfoot Range occurs a 
conglomeritic quartzite, which may be the equivalent of the above-men- 
tioned ledge. It is also possible that the similar quartzite, remnants of 
which outcrop in the edge of the lower valley of the Snake, along the 
northeastern foot of the Caribou Range, may belong to the same hori- 
zon. But in the Téton Mountains the siliceous, or, at least, the quartz- 
itic materials are replaced by argillaceous matter, and which occupies a 
vertical space of, perhaps, 100 feet. The exposures were at no place 
sufficiently free trom débris as to admit of satisfactory examination of 
the horizon. But in the sides of West Téton Valley slide exposures are 
met with at this horizon, revealing drab clay shales, and throughout this 
quarter the space between the Upper Quebec and Niagara limestones 
shows a steep talus, or sometimes a bench of greater or less width, in- 
dicating the presence of subjacent soft deposits. Such is the character 
of the horizon in the western portion of the Gros Ventre Mountains, 
with, however, indications of the presence of interlaminated indurated 
calcareous material. But to the northeast, in the vicinity of Buffalo Fork 
Peak, these deposits are absent, the Upper Quebec limestones being fol- 
lowed by apparently conformable limestones, which pass up into well- 
determined Carboniferous deposits. 


NIAGARA. 


In 1871, Dr. Hayden discovered in the Wasatch Range, vicinity of 
Ogden, Utah, rocks of the age of the Niagara of the Hast, a determina- 
tion made on the occurrence in the limestones of the coral Halysites cate- 
nulata. In the northern extension of the same general mountain range, 
where it sinks to the level of the Snake plain, at the northern terminus 
of the Mount Putnam ridge, Professor Bradley, during the following sea- 
son, recognized, on stratigraphical position and lithological characters, 
the same formation. But in this latter ridge, at Station II, it is evident 
that the Niagara is wanting, the more or less magnesian limestones, con- 
taining crinoidal and other Carboniferous fossils immediately succeeding 
and resting upon the quartzitie sandstone which here constitutes the 
passage bed interposed between the Upper Quebec and Lower Carbon- 
iferous limestones. It is not improbable the same state of things exists 
in the Blackfoot Range; at all events, no rocks of Niagara age were 
identified in this quarter during the present season. Professor Bradley 
mentions the occurrence of light magnesian limestones at the north end 
of the Caribou Range, which, lithologically, bear close resemblance to 
Niagara beds in the Téton Mountains, a determination which, although 
the exposures in this vicinity are not so satisfactory as could be wished, 
is probably well founded. 

In the same manner was the lower magnesian limestone horizon in the 
Téton Range identified with the Niagara beds occurring to the south- 
west. During the present season the above determination of the age of 
the latter deposit was fully confirmed by the discovery of the presence 
in these beds, at the northern end of the range, of Halysites and other 


‘485 


ST. JOHN. ] 


characteristic Upper Silurian corals. The rock in this region is pretty 
uniformly a heavy-bedded, light to dirty buff, in places reddish-stained, 
magnesian limestone, attaining a thickness of from 400 to 600 tect. 
Wherever erosive action has laid it bar e, as in the canon sidesand great 
promontories overlooking the Alpine basins in the heart of the range, 
it presents peculiarly characteristic exposures, picturesque castellated 
cliffs, and massive foundation walls which support the more fragmentary 
superimposed Carboniferous deposits. In many of its features, even the 
peculiar rough pitted manner of weathering, and its porous or minutely 
vesicular structure, it strongly recalls the Niagara magnesian beds, whose 
bluff exposures form some of the most picturesque scenery along the 
shores of the Upper Mississippi. 

The same deposit appears in the Gros Ventre Mountains, where it also 
maintains about the same thickness. In the Buffalo Fork Peak uplift, 
however, it is greatly attenuated, if indeed it at all exists. At Station 
XLIX, in the latter region, a vertical space of about 200 feet intervenes 
between the uppermost layers of the Quebee limestone and the summit 
of the station, and which is filled by gray, reddish-stained, cherty lime- 
stones, the summit ledges and a hundred feet below holding characteristic 
Carboniferous fossils. There are no indications of nonconformity be- 
tween any of the above-mentioned deposits at this locality, and the ap- 
pearances point to the conclusion that the deposition of calcareous or 
limestone-making sediments was uninterrupted from the commencement 
of the upper limestone of the Quebec to the Carboniferous. The litho- 
logical distinctions between the Quebec and the overlying limestones are 
sharply drawn, while the immediately superimposed jimestone layers do 
not differ in any marked degree from the higher layers containing Car- 
boniferous fossils; so that if. they do belong ‘to the Niagara period, they 
were not affected by or did not participate in the transformation which 
elsewhere converted the entire horizon into a dolomitic deposit. 


CARBONIFEROUS. 


Rocks of the age of the Carboniferous are extensively developed in 
the district, constituting a most important element in the stratigraphy 
of its orographic reliefs; - indeed whole mountain ranges are carved almost 
entirely out of deposits pertaining to thisage. A eeneralized section of 
these rocks falls into two categories or great divisions, viz, Lower and 
Upper Carboniferous, the persistency of which may be considered as 
being more or less well established. The great divisions, or periods, 
seem to be further divisible into what may prove to be more or less well- 
defined subdivisions, which may in part correspond to the epochs which 
marked the various life stages of these periods in other regions. Although 
it has not been possible to define the limits of these lesser divisions, or 
to establish the relations of the faunal assemblages contained therein to 
those which characterize definitely determined horizons in rocks of this 
age in longer known and more thoroughly studied localities, at least 
some evidence, which seems to point to their existence in reality, las 
been observed, so that their general outlines may be stated with a de- 
gree of confidence. Such as they were found to be, within the limits of 
the present district, are briefly sketched in the followi ing pages. 

Lower Carboniferous. —The time of the inferior division of the Carbon- 
iferous was eminently a limestone-making period, with, however, infu- 
sions of siliceous matter, which became seggregated mainly in the form of 
chert, in both nodules and layers, with occasional heavier siliceous de- 
posits or quartzitie sandstones. The local lithology and chemical char- 
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acter of the limestones is subject to local variation, but to just what ex- 
tent these changes are manifested will require much patient research to 


determine. In the aggregate, this division attains a thickness of 1,000 __ 


to 2,600 feet, approximate. 

In the Mount Putnam Ridge the basis rocks show a heavy ledge of 
rough-weathered, buff-gray siliceous limestone, containing a few obscure 
fossils, crinoidal remains, and a Hemipronites. ‘This is succeeded by a 
heavy bed of light-gray, cherty, rough-weathered limestone passing up 
into dark bluish-gray rather even-bedded limestone, with black chert, 
charged with a large Zaphrentis, Spirifer, &c. In the vicinity of the out- 
crop of the latter deposits, in the little hill-environed basin of Ross Fork, 
my notes make mention of a considerable deposit of conglomeritie mate- 
rials, chiefly composed of light-gray limestone pebbles, with some of quartz, 
and apparently interlaminated with buff, shaly hmestone layers, in which 
occur fragments of an Aviculopecten. The relations of this deposit to 
the apparently overlying beds above referred to is not clearly indicated, 
and it is mentioned here that attention may be called to the subject for 
the future settlement of any doubts that may exist as to its relations to 
these rocks, with which it seems to constitute a conformable member. 
The beds above mentioned belong to the lower division of the Carbonif- 
erous, and at one point in this neighborhood Professor Bradley diseov- 
ered in these rocks a peculiarly Lower Carboniferous fauna, many of 
whose abundant minute forms Mr. Meek found to be specifically identi- 
eal with those which characterize the Warsaw beds in the Upper Missis- 
sippi Valley. All these deposits dip to the eastward, but in the opposite 
side of the syneclinal within the area of a basin at the head of one of the 
tributaries of the Portneuf, they have been denuded and concealed by 
late accumulations, only the Upper Carboniferous horizons being seen at 
this point. 

To the: northeast, however, in the Blackfoot Range, the lower forma- 
tions are extensively displayed. Their occurrence in this quarter is also 
accompanied by evidences of much disturbance, the strata are folded 
and, perhaps, faulted, on which account, notwithstanding the exception- 
ably good exposures so prevalent here, it will require much time to ac- 
quire familiar acquaintance with the stratigraphic details of the series. 
These inferior limestones reach a thickness of several hundred feet, per- 
haps 2,000 feet, including quartzitic horizons and red-stained siliceous 
deposits in positions below well-marked Lower Carboniferous horizons. 
Paleontologically, horizons in these cherty limestones are characterized 
by associations of fossils which have intimate likeness to certain Lower 
Carboniferous formations in the Upper Mississippi region. 

As at the locality in the Mount Putnam Ridge, we here find, in the 
vicinity of Station X, an eminently Warsaw molluscan fauna.  Else- 
where the lithological, as well as the paleontological, resemblances 
of certain horizons amount to almost absolute identity with the Keokul 
formation, as developed in the Western States. At Station VII, in a 
dark bluish-gray cherty limestone, with lighter colored shaly partings 
crowded with corals, Polyzoa, &c., a veritable fish-bed occurs, from 
which were obtained representatives of the Selachian genera Cladodus, 
Deltodus, Helodus (Lophodus), Petalodus, Anthodus. As is well known, 
one of the above-named genera, Antliodus, is restricted to Lower Car- 
boniferous formations, while all the other forms are closely allied to, if, 
indeed, they prove not to be identical with, species peculiar to the lower 
divisions of this series of formations in the Mississippi Valley. The 
affinities of the fish-remains do not indicate .a later date for the beds in 
which they occur than the Keokuk tormation. Hence, so far as the evi: 
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dence goes, we have good grounds for the recognition of physical con- 
ditions, accompanied by organic manifestations, representative of at 
least two prominent formations of the Lower Carboniferous in this region, 
viz, the Keokuk and Warsaw beds of the Saint Louis. There also occur 
in this range certain limestones which are charged with Lithostrotion 
and Syringopora; but the relative position of these beds with those 
above mentioned was not determined. However, in the vicinity of Sta- 
tion IX, the Lithostrotion limestone is underlaid by a heavy series of 
bluish-gray cherty limestone, with Zaphrentis and crinoidal remains, 
which may well embrace the lower horizons. If the paleontological 
evidence in all cases holds good, then we should infer that the Litho- 
strotion horizons correspond to the Saint Louis formation. 

It is probable that, in the Snake River Range, the Lower Carbonifer- 
ous formations are well developed, especially in the magnificent natural 
sections exposed along the lower course of the Grand Caton. But in 
the northeastern belt, which alone was penetrated the past season, at 
only one or two points in the Pierre’s Mountains are these deposits well 
exposed. Here was noted the uppor Lithostrotion bearing limestones, 
and it seems not improbable the older formations may yet be found in 
their proper order in the ridge terminating in Spring Point. They here 
exhibit the same lithological and mineralogical concomitants elsewhere 
prevalent, and wherever the rocks are much disturbed they are, in 
common with other limestone formations above and below, traversed by 
seams of cale-spar, which doubtless owe their origin to infiltration. 

Little was elicited, in the course of the hasty examination made in the 
Téton Range, relating to the detail stratigraphy of these lower limestone 
deposits, beyond the recognition of.the various groups above alluded to 
in the similar faunal associations which also here occur. We also ob- 
serve in this quarter the frequent occurrence of red-stained beds, and in 
the vicinity of Station XXXII, at the northern end of the range, these 
lower horizons are «uite siliceous. But at no point visited were the pas- 
sage-beds at the base of the series satisfactorily revealed, although it is 
apparent, almost to a certainty, that the space intervening between the 
Carboniferous and the Niagara limestones is occupied by soft or shaly 
deposits. Even the Carboniferous limestones appear to be interbedded 
with shales and shaly layers, which give rise to the step-like steep 
slopes of their outcrop, which usually weathers in low mural exposures, 
alternating with narrow taluses, giving to some of the isolated outlines 
in the higher portions of the range their peculiar pyramidal form. 

In the Gros Ventre Mountains, particularly at Station XLVI, we gain 
a clue to the character of the inferior deposits of this series, as also the 
nature of the beds of passage. The latter as here exposed show yellow 
weathered shaly deposits, probably made up of limestones and shales, 
and which constitute a rather marked band wherever the horizon is not 
covered with débris. The lower limestones are a grayish or bluish drab 
color, overlaid by dark brownish-drab magnesian layers charged with 
Hemipronites crenistria, or a closely-allied form. The thickness of the 
limestones intervening between the heavy magnesian limestone of the 
horizon of the Niagara and the upper red siliceous or arenaceous horizon, 
which latter may be regarded as the top of the lower series, it is impos- 
sible to state with accuracy; but this space appears to be of less vertical 
Poa at this locality than in the Téton Mountains, yet it may reach = 

000 feet. 

” As has already been observed, in the vicinity of Buffalo Fork Peak 
the deposition of limestone-making materials went on without interrup- 
tion from the time of the Upper Quebec limestone to the Lower Carbon- 


488 REPORT UNITED STATES GEOLOGICAL SURVEY. 


iferous limestones, while the horizon of the Niagara is greatly attenuated 
and represented by ordinary limestones difficult to distinguish from the 


beds which, a little higher up, contain well-recognized Carboniferous | 


fossils. But to whatever period these doubtful limestones belong, there 
is entire absence of beds of passage of mechanical origin, aS arenaceous 
and argillaceous materials, so that the physical conditions here preva- 
lent were very different from those that obtained at the close of the Que- 
bee and Niagara periods in other portions of the district. At Station 
XLIX the lower limestones of the Carboniferous exhibit precisely the 
same features as mark their occurrence in the Gros Ventre Mountains: 
lower grayish-drab cherty limestones, with crinoidal remains and a me- 
dium-sized Orthoceras, succeeded by dark drab and brown magnesian 
beds and buff semi-magnesian limestones, and which probably attain an 
average thickness. 

Upper Carboniferous.—At least in certain areas of their exposure in the 
district, the interval between what has been regarded as the top of the 
lower and the base of the upper series of the Carboniferous is occupied 
by a set of deposits which marks an abrupt break in the conditions under 
which the heavy series of lower limestones was formed, and which were 
thereafter never fully re-established. In the Téton Mountains this change 
was, perhaps, most pronounced, and inaugurated the deposition of are- 
naceous clays, nodular and thin beds of limestone, finished in a heavy 
bed of reddish-buff laminated sandstone, and intensely hard, brittle, sili- 
ceous layers, the general appearance of which might well lead the obser- 
ver to mistake their probable relationship and refer them to the “red 
beds” of the Triassic period. The deposit as here developed ranges 
from 200 to 400 feet in thickness. Remnants were met with as far north 
as the great foreland between the West Téton and Bear Creek, but to 
the south it was seen at several localities fully developed, and the 
maturer study of the data obtained in this quarter renders almost certain 
that it properly belongs to the horizon above indicated. The fact of the 


deposit being finished by hard siliceous ledges has preserved it from 


destruction over considerable areas in the great foreland south of West 
Téton Creek, where the superimposed deposits have been swept away, 
leaving it as a rocky mail protecting the limestones below. And this 
office assigned it in the economy, so to speak, of the mountain, where it 
in places apparently constitutes the deposit overlying the Carboniferous 
limestones, together with its striking lithological resemblance, renders the 
determination of its real stratigraphical relations a matter of unusual in- 
terest and importance. So far as we have been able; in the course of 
hastily-executed examinations, to study the true “red bed” series in 
localities where it exhibits what may be regarded as its typical develop- 
ment, as well as the subjacent deposits, it has been found to present an 
entirely different association of features, the consideration of which forms 
so important a subject of inquiry in the deposits under consideration. 
At the extreme southern end of Téton Range the section of these beds 
in the crest of Station XLIII ridge, given in a preceding page, is suffi- 
cient, it would appear, to dispel any doubts raised on lithological resem- 
blances of the actual relations of these beds. We here find intercalated 


with the red arenaceous shales and ferruginous sandstones layers of 


limestone which contain the relies of a Carboniferous fauna. And these 
fossils are not of the types of the latest period or epoch of the series, but 
are of not later date than the Coal-Measures, if, indeed, they prove 
not to be identical with Lower Carboniferous forms. The limestones of 
the latter, which here immediately underlie these passage beds, are 
charged with corals and other fossils of eminently Lower Carboniferous 
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types, as understood at the present time. Indeed, these upper beds re- 
eall the Saint Louis formation from the abundant prevalence of the coral 
Lithostrotioninthem. These distinctively red passage beds are succeeded 
by a heavy series of reddish-tinged buff, fragmentary, siliceous deposits 
and limestones, which bridge over the Téton Pass and the mountain side 
to the west, and are finally succeeded by the Triassic “ red-beds” within 
the disturbed belt of the Snake River Range to the southwest. The 
Gros Ventre Mountains and Buffalo Fork Peak show much the same 
materials in this horizon, so far as time permitted of ascertainment. To 
the west and southwest, however, this particular horizon was not recog- 
nized, if it there exists. 

The principal stratigraphical peculiarities of the Upper Carboniferous 
series, exclusive of the extreme upper or Permo-Carboniferous horizons, 
consist of alternations of heavy beds of brittle, buff, siliceous material, 
or buff, reddish-tinged, laminated sandstones, usually quartzitic, gray to 
drab, siliceous or cherty, sometimes spar-seamed limestones, and vari- 
egated shales, which may reach a thickness of from 1,000 to 2,000 feet. 
The siliceous deposits predominate, but, owing to their fragmentary 
nature, their outcrop is usually strewn with the fine, angular débris de- 
rived from the breaking up of their own beds, except where the ledges 
are steeply tilted, when they are weathered into exceedingly craggy crests 
or hog-back ridges. These siliceous beds have afforded no fossils, ex- 
cept fucoidal-like markings. The limestones, however, afford fossils, 
which, as has been pointed out in preceding pages, present Upper Car- 
boniferous facies. 

In the Blackfoot Range these deposits show a thickness probably as 
great as that of the inferior limestones. Its limestone layers contain, 
amongst a group of fossils which, in the present state of knowledge, 
might not be regarded as of great value in the definition of epochal forma- 
tions, a few forms that are regarded as characteristic of the Upper Car- 
boniferous or Coal-Measure period. Such are the Athyris subtilita and 
Productus longispinus, which are associated with Productus semireticu- 
latus (?) Hemipronites, minute crinoidal columns, Zaphrentoid corals, and 
a delicate form of Syringopora.- On the northeast flank of the Caribou 
Range, limestones which hold apparently the same relative position are 
crowded with crinoidal columns, Ptilodictya, Fenestella, Spirifer, Pro- 
ductus, and a small Platyceras undistinguishable from a form, originally 
described by Mr. Meek, from the Upper Coal Measures of Nebraska, and 
which has subsequently been identified by Dr. White in collections from 
Carboniferous rocks near Santa Fé. 

East of the Mount Putnam ridge the sedimentary strata form a shal- 
low synclinal, in the eastern border of which occurs a heavy series of 
siliceous beds and quartzitic sandstones, interbedded with bands of lime- 
stone, which, although not with certainty identified with the Upper Car- 
boniferous, hold a position inferior to the Jurassic deposits, which latter 
occur in the low ridge along the axis of the synclinal. It is possible 
that these upper siliceous horizons include Permian or Permo-Carbon- 
iferous beds. But to the north, in the continuation of the same ridge at 
Station V, Higham’s Peak, the partially magnesian limestone layers 
associated with the siliceous deposits, which latter are here tilted into 
vertical position, traces of an interesting fossil fauna were observed, 
consisting of Myalina, Aviculopecten, Spirifer, and crinoidal remains, 
which certainly recall the faunal phases of high Upper Coal-Measure de- 
posits in the country bordering the Lower Missouri in Iowa, Kansas, and 
Nebraska. But at this locality the strata are in so disturbed a condition 
as to render their satisfactory study an undertaking of some difliculty. 


Xs 
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Apparently the same set of limestone and siliceous strata prevails in 
the Gros Ventre and Buffalo Fork Mountains, but time did not permit 


of more detail examinations beyond recognizing their general similarity to | 


synehronons deposits in other parts of the district. 

Permo-Carboniferous.—The discovery of Permian or Permo-Carbon- 
iferous horizons in the Rocky Mountain region, and in the great plateau 
to the west, was announced now several years s since, and their occurrence 
in this more northern quarter is no more than might have been antici- 
pated, however interesting the fact. 

AS already mentioned, in the low divide next east of Mount Putnam 
occurs a rather heavy ledge of limestone, overlying white and buff sand- 
stones and arenaceous shaly deposits, ‘which was found to contain a 
meagre fauna resembling, so far as the imperfect preservation of the 
specimens enables the determination of their generic and specific affini- 
ties, forms prevalent in Permo-Carboniferous horizons. These consist 
of a little coral, like Stenopora or Cheetetes, a small Plewrophorus (?), a 
medium-sized Schizodus (2 ?), and an obseure shell, which may belong to 
Atlyris. The stratum in which the above fossils oceur is overlaid by a 
heavy series of generally buff-gray, sometimes reddish, hard sandstones, 
with intercalated thin layers ‘of limestone, in which no fossils were de- 
tected; and this is in turn succeeded by Jurassic beds containing char- 
acteristic fossils. The deposit holding the above-mentioned fossils ‘would, 
therefore, on stratigraphical erounds: alone, be referred to the Upper Car- 


boniferous, while the apparent affinities of the fossils themselves strongly 


favors their reference to the latest epoch of the period. 

The narrow belt of Paleozoic that fringes the northeastern flank of 
the Caribou Range, at one place between Fall and Pyramid Creeks, re- 
veals an interesting exposure of the uppermost horizons of the Carbon- 
iferous. We here meet with associations of fossils, Pleuwrophorus and 
other Lamellibranchiate shells, which possess a peculiarly Permo-Car- 
boniferous facies. The beds containing the fossils belong to a heavy 
series of limestones and sandstones several hundred feet in thickness, 
and which somewhat contrast with equivalent horizons in. other parts 
of the district, as will be apparent from a comparison of the sections of 


these beds to which refer ence has been made in preceding chapters on 


local geology ; but this may be due to the particularly clear exposure of 
the strata at the present locality, while elsewhere, with rare exceptions, 
they are much obscured by detrital accumulations in the surface. These 
Permo-Carboniferous deposits abruptly cease in a heavy bed of lime- 
stone, upon which rest the Triassic ‘‘red-beds;” while below they were 
preceded by limestones containing fossils which have been referred to 
the age of the Upper Coal Measures. 

The northeastern belt in the Snake River Range exhibits another com- 
paratively clear exposure of these deposits, where the stratigraphic de- 
tails of their occurrence are varied to some extent, while paleontologi- 
cally they offer the same distinctive features which characterize the hori- 
zon at other localities. But in this quarter, as in the Caribou Range, 
the uppermost deposit consists of a heavy bed of limestone, containing 
a small Plewrophorus-like shell, and Ling gula, and which is immediately 
overlaid by the typical ‘red beds. ” The section in the vicinity of Sta- 
tion XL presents a fair view of the relative position of these deposits, 
which may include a thickness of 500 to 800 feet. In the Téton Mount. 
ains and eastern portion of the district it is not improbable similar de- 
posits will be found to occur, although none were observed in that aa 
ter the past season. : 
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MESOZOIC AREAS. 


From our present understanding of the occurrence of the various 

geological formations in the district, it is apparent that over its entire 
extent prevailed conditions favorable for the accumulation of groups of 
strata representative of one or more of the great periods into which the 
Mesozoic era was divided. Hence, in their distribution, the Mesozoic 
formations are generally found in one or other or both sides of the up- 
lifted Palozoic areas, where they occur in belts of greater or less ex- 
tent, according to the varying conditions to which they have been sub- 
jected subsequent to their upheaval in the mountain borders. In the 
loftiest mountain elevations, as in the Téton Range, denudation has et- 
fected their almost total removal, limiting their occurrence to zones low 
in the outlying flanks, where they are in many instances completely hid- 
den from sight by eruptive and detrital accumulations. But besides 
these areas, there are also perhaps still more extensive belts which may 
almost be regarded as isolated, forming the bulk of mountain ridges, as 
instanced in the Caribou Range, where the Mesozoic beds together with 
still more recent formations have been thrown into a most extraordinary 
series of flexures and folds. In the following pages brief mention is 
made of the present distribution of the various areas in which rocks 
of this era occur, and the more or less local aspects under which the 
component formations appear within the district. . 
Toward the south end of the Blackfoot Range, on the southwest 
flank, a limited exposure of Jurassic is found, which impinges on the Car- 
boniferous rocks in the mountain ridge in a position such as leads to the 
conclusion that the strata are faulted, the Jurassic beds being a remnant 
of the west-side downthrow. A series of low secondary ridges south 
of the Blackfoot Range, at Stations XII and XIII, are made up of well- 
defined Jurassic beds which have been upraised into a symmetrical anti- 
clinal, beyond which occurs a much more complicated belt occupying the 
space intervening between these ridges and a higher outlying Carbonifer- 
ous ridge on the north. The same series of strata reappear on the south- 
west side of the Blackfoot on the extreme southern border of the dis- 
trict, but soon disappear beneath the Pliocene and voleanic deposits, . 
which latter occupy a broad belt on the eastern flank of the low ridge 
extending south from Higham’s Peak. In the latter divide the Mesozoies, 
Jurassic, and possibly Triassic, form the axis of a synelinal, which to 
the south also nearly corresponds to the water-divide of the Ross Fork- 
Portneuf and Blackfoot drainage. The end of the ridge on the west 
side of Lincoln Creek, according to Professor Bradley, shows a heavy 
plating of the same series. On the eastern side cf this synclinal, the 
strata were involved in tremendous disturbance, the Carboniferous stand- 
ing in vertical ledges, and the Jurassic also showing very irregular and 
variable dips, as though two distinct sets of disturbing forces had here 
met, throwing the strata into greatest confusion. 

In the before-mentioned areas, where these rocks are in intimate asso- 
ciation with Paleozoic areas, interesting examples are met with in the 
low ridges west of John Gray’s Lake, showing a heavy series of strata, 
probably including both Triassic and Jurassic deposits, which seem to 
partially fold round their extremities, the nucleal rocks consisting of 
Carboniferous deposits. In the Caribou Range the same deposits appear 
in two or three anticlinal folds, in places inverted and possibly faulted, 
the direction of the forces concerned in the disturbance very nearly cor- 
responding with that of the present mountain range. The middle por- 
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tion of the Snake River Range is occupied by a much disturbed belt, in 
which rocks of the age of the Triassic and Jurassic take a prominent 
part. Their position in that part of the range visited is upon the south- 
west flank of a faulted anticlinal, the beds dipping into a rather wide © 
depression intervening between the two Carboniferous belts on the north- 
east and southwest borders of the range, and which is filled with softer 
and more recent deposits, probably of the early Cenozoic. But to the 
southeast, in the neighborhood of the upper entrance to the Grand Canon, 
apparently corresponding deposits are thrown into a series of sharp folds, 
as indicated by the observations on this region recorded by Professor 
Bradley. Only at the southern extremity have strata of Mesozoic age 
been detected in the Téton Range, where a remnant remains on the west- 
ern flank descending into the valley of West Téton Pass Creek. Buton 
the northern and southwestern flanks of the Gros Ventre Mountains a 
fine exhibition of these rocks is met with. Indeed, in the northern de- 
clivity of the range, to the east, Dr. Hayden, in 1860, discovered repre- 
sentative formations pertaining ‘to all three of the Mesozoic periods, viz, 
Triassic, Jurassic, and Cretaceous. The same series of formations, at 
least the “red beds” of the Trias and probable Jurassic deposits, have 
been upraised on the flanks of the Buffalo Fork uplift, which they doubt- 
less encompass in a belt of variable width. Professor Bradley notes a 
limited belt of probable Triassic sandstones and red beds in the northern 
extremity of the mountain ridge between Buffalo Fork and the main 
Snake River north of Jackson’s Basin. 

The rocks of this era in the region under consideration represent its 
three periods, a generalized section of which is given below: 


General section of Mesozoic formations in the Téton district. 


mM 
5) 
3 | Sandstones, limestones, arenaceous marls, and indurated clays, underlaid by drab or 
i) ash-colored laminated matls and fine sandstone, with lignitic horizons; 300 feet and 
g more. Dr. Hayden. 
em] 
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Sy & | Limestones, indurated calcareous shales, variegated clays, and sandstones; 1,000 to 

za iS 2,500 feet. 

ag | 4 


Deep-red arenaceous shales, with drab clays, thin limestone layers, and heavy beds of 
red, sometimes buff, sandstones; 1,000 feet and less, to 2,500 feet or more. 


TRIASSIC. 


TRIASSIC. 


The ‘“‘red bed” or Triassic series is well developed in most parts of 
the district where the strata of this period have been brought to view 
by upheaval and denudation. But, largely owing to the prevalence of 
shaly matter in their composition, at only few localities are they at all 
well exposed. In the southwest it would appear doubtful whether these 
deposits attain anything like their normal development, at least under 
the typical lithological phases which so uniformly distinguish the hori- 
zon to the east. In the vicinity of Fort Hall a heavy series of supra- 
Carboniferous and infra-Jurassic siliceous and calcareous deposits con- 
stitute a large share of the strata making up the divide ridge between 
Ross Fork and the Blackfoot, northeast of Mount Putnam, the relative 
position of which corresponds to that of the Trias. But if we are to 
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include in the latter the deposits here referred to, which embrace a thick- 
ness of about 2,000 feet, the depositions of the period underwent marked 
change in their lithological appearance and the nature of the compo- 
nents—indeed to such an extent as to render the term red beds of no de- 
scriptive significance in this quarter. The appearance presented by the 
horizon here alluded to is shown in the section across this ridge at a 
point but a short distance north of our southern boundary, a description 
of which has been given in a preceding page. 

A few miles to the north, however, in the vicinity of Station IV, there 
occurs a set of red sandstone strata and deep-red arenaceous shales, 
underlaid by a heavy ledge of coarse, conglomeritic, quartzitic red sand- 
stone, which, lithologically, bears marked resemblance to portions of the 
“red bed ” series. But the details of the structural complications ac- 
companying these deposits at the latter locality have not been suffi- 
ciently investigated to warrant a more definite statement of their strati- 
graphical relations than that based upon lithological resemblances. And, 
so far as lithological appearances may be relied upon, the reddish sand. 
stones to the southwest and northwest of Higham’s Peak (Station V) 
might be compared with the Triassic “ red beds,” only these deposits oe- 
eur outside of and apparently overlying a belt of limestones whose fos- 
sils are probably allied to Jurassic forms. Hence, in regard to the 
horizons of this period in the southwest portion of ’the district, I can 
speak with any degree of confidence only of the section above mentioned, 
which crosses this ‘ridge near our south line, and where the “red beds, % 
as such, are scarcely recognizable lithologically. 

The examinations in these deposits in the basin ridges west of John 
Gray’s Lake merely recognized their presence as heavy beds of red sand- 
stones and sandy shales, while in the vicinity of the Blackfoot Range 
only remnants of the formation were met with. But in the Caribou 
Range the Triassic deposits are developed under their ordinary phases, 
and, as seen along the northeast flank of the range, they may attain an 
average thickness. In this quarter it was found to be in many instances 
difficult to distinguish between these deposits and a series of red sand- 
stones and shales which belong to a later formation, overlying or inter- 
bedded with limestones containing Jurassic fossils. Such is the case in 
the mountain block between Fall Creek and Pyramid Creek, and, unless 
these deposits reach an enormous vertical thickness at this locality, it 
may be questioned whether the red sandstone forming the crest of Sta- 
tion XX V ridge is not a member of the Jurassic rather than of the Trias. 
To the northwest of the latter point the space occupied by these de- 
posits probably does not exceed 1,500 feet, and it may not be above 
1,000 feet. Above the latter locality the Trias gradually declines in the 
present mountain border, being confined to a narrow strip adjacent the 
valley and not well exposed at the points visited south of McCoy Creek; 
this, of course, assuming that the rusty-red sandstones and shales and 
intercalated limestones at the latter locality and vicinity pertain to the 
Jurassic. Rocks of this age were not recognized in the wider belt extend- 
ing over across to the southwest base of the range at any part within 
our territory. 

The Trias is much more prominently displayed in the Snake River 
Range, and may be traced for miles by its color characters, its outerop 
forming a narrow belt of variable width, extending from the Pierre’s 
Mountains in the northwest to the low mountains south of Téton Pass, 
whence they probably extend down to the Snake River in the vicinity 
of the upper entrance to the Grand Cajion. In the immediate vicinity 
of Station XL this horizon is well exposed, consisting of heavy deposits 
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of deep-red arenaceous shales and harder sandstone beds, with a single 
limestone stratum observed, approximating a total thickness of 2,500 
feet. The deep-red shaly deposits also include layers of drab-colored. 
shales. The sandstones are gray or rusty buff to brown weathered and 
light red in color, in one of the lower layers of which occur very in- 
distinct bodies which resemble medium-sized ovoid lamellibranchiate 
shells, but too imperfect for determination. These deposits are included 
between a limestone holding fossils of a Permo-Carboniferous facies 
below and a ledge of grayish-drab limestone with Jurassic forms above. 
Elsewhere in this mountain range, as in the vicinity of Téton Pass, 
horizons show deep-red sandstones and shales. The structural accom- 
paniments in this region, as also the probable distribution of the same 
deposits in belts occurring to the southwest, have already been alluded 
to in the notice of the observations made in the Snake River Range. 

The last above-mentioned series of ‘‘red-bed” exposures, according 
to Professor Bradley, reappear to the east of the Snake in the moun- 
tainous belts outflanking the Gros Ventre Range on the southwest; and 
along the northern flank of the latter range and in the Gros Ventre Val- 
ley they constitute a heavy series, including a bed of gypsum. Their 
occurrence in the vicinity of the Buffalo Fork uplift is, so far as could be 
made out, accompanied by a typical representation of the series. 


JURASSIC. 


It is difficult to assign to this member of the Mesozoic age a set of 
stratigraphical characters typical of its occurrence in all portions of the 
district. In the southwestern section, where the Jurassic strata consti- 
tute an important series in the low mountain folds either side of the 
Blackfoot, showing a thickness of a couple of thousand feet, more or less, 
the lower portion is made up of gray and drab limestones, sometimes 
magnesian and in places cherty, interbedded with chocolate-colored 
partially indurated shales and occasional layers of reddish sandstone, 
the upper portion showing several layers of gray chocolate or rusty 
weathered, sometimes arenaceous limestones, with drab and chocolate- 
colored shales and indurated argiilo-arenaceous beds. This is essentially 
the stratigraphical structure of the formation or that portion of it exposed 
in the low divide between the Blackfoot and Ross Fork-Lincoln drainages. 
At the latter locality, the upper limestones are quite fossiliferous, being © 
charged with Aviculopecten, Pseudomonotis, Camptonectes, Myacites, Pho- 
lodomya, and other Lamellibranchiates; the lower beds preserving only 
comminuted fragments of fossils, although elsewhere these beds afford 
fragments of Pentacrinites and a small Gryphaa(?), &c. However, in a 
single stratum low in the series a few obscure fossils, in the condition of 
casts, were met with including Aviculopecten(?) and two or three other 
small Lamellibranchiate shells, Dentalium(?) and a minute Gasteropod 
like Viviparus. 

The same series of upper beds also appears in the low ridges east of 
the Blackfoot, at Stations XII and XIII. At the latter locality these 
well-marked Jurassic limestones are succeeded on the north by a series 
of gray limestones, reddish quartzitic sandstones, and red shales, occu- 
pying a belt about a mile across, reaching over to the Carboniferous 
ridge, the complicated structural features of which are very obscure and 
were not satisfactorily made out; but these limestones were found to 
contain at one point an obscure Lamellibranchiate resembling Aviculo- 
pecten, and at another place the fragmentary remains of what appear 
to be Ceratites. Of the latter, during the past season, Dr. Peale dis- 
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covered and brought in from the region south of this a beautiful 
collection, including several species of this genus; but at the present 
locality this Ceratites limestone and associated beds are in so confused 
a state as to render their relations either to the well-determined Jurassic 
on the one hand, and the equally characteristically marked Upper Car- 
boniferous on the other, a subject of much perplexity. However, the 
Ceratites bed unquestionably overlies the Upper Carboniferous, between 
the siliceous beds of which and this particular horizon intervenes a space 
of between a quarter and half a mile across, in which obscurely exposed 
red-earth or arenaceous deposits occur. Hence, it would appear that 
the Ceratites bed probably occurs at the base of the Jurassic, though it 
may possibly pertain to the upper portion of the Trias, to which the red 
arenaceous deposits probably belong. A few miles due west of this 
locality, where the same or inferior limestones of the Jura are pretty 
well exposed, in the often-mentioned ridge west of the Blackfoot, the 
occurrence of Ceratites, if they exist in these beds, was overlooked; but 
in the outlying belt on the east flank of the Carboniferous ridge south 
of John Gray’s Lake, just over our southern border, fragments of similar 
eray limestone were observed, but not in situ, which abounded in these 
interesting fossils. At the latter locality apparently a heavy series of 
red arenaceous deposits, comparable with the Triassic ‘red beds,” fills 
the space intervening between the Carboniferous ridge and the low ridge 
in the crest of which the Ceratites limestone débris was found. The two 
above localities were the only places where this rock was observed within 
our district, and I have mentioned all the facts elicited in relation to its 
oceurrence in order, if possible, to contribute something towards the 
data for establishing the stratigraphic position of the horizon. 

The remnants of Jurassic strata elsewhere occurring in the Blackfoot 
Range afford little of interest in this special connection. ; 

To the northeast in the mountainous belt of the Caribou Range the 
Jurassic deposits enter largely into the stratigraphic structure of a sys- 
tem of folds, which are finely displayed in some of the deeper canons 
crossing the range transverse to the direction of the folds, which deter- 
mined that also of the mountain range. On the northeast flank of the 
northern part of the range these deposits reach a thickness of 2,000 to 
3,000 feet, but neither above nor below could the exact limits of the 
series be satisfactorily determined. It consists of limestones, drab and 
variegated shales, and indurated calcareous shales, with occasional hori- 
zons of brownish and reddish sandstones. <A fair understanding of the 
deposits in this quarter may be gathered from the section through Sta- 
tion XXIV. The Jurassic limestones and shales at this locality are 
overlaid by a heavy ledge or ledges of quartzitic sandstone, beyond 
which, in successive superimposed positions, occur heavy beds of red 
arenaceous materials and drab indurated calcareous deposits, which ap- 
pear to be conformable with the older formations. 

To the southeastward much the same series of deposits were encoun- 
tered as far as our examinations were carried. But in the section here 
presented we in vain seek for the counterpart of certain horizons which 
perform so important part and are so well characterized, paleontologically 
and lithologically, in the southwestern areas of this formation. The dis- 
tribution of the fossils would appear to be much more general, with fewer 
local faun:e, such as were found in the arenaceous limestones on Lincoln 
Creek. The forms most prevalent are a small Ostrea(?) and one or two 
forms of small Gasteropods, the specific affinities of thelatter, owing tothe 
indifferent state of preservation of the specimens, being indeterminable, 
although they may belong to Viviparus. However, there occur other 
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forms of Lamellibranchiates, and fragments of the columns of Pentacri- 
nites in widely-separated horizons in the series ; while there are layers, 
as at Station X XVII ridge, characterized by peculiar faunal assem- 
blages. At the latter locality, a bed ‘s thus charged With a beautiful — 
little Lxogyra, Belemnites, &c. The latter fossil was also met with in the 

vicinity of Station XX, in the northwestern part of the range. Along 

the western border of the range the Jurassic is succeeded by the Ceno- 

zoic(?) formations, which apparently constitute about a third of its 

bulk, although the same deposits occur in belts of greater or less extent 

farther east. 

Perhaps one of the most interesting sections of the Jurassic met with 
during the season was that in the northeastern portion of the Snake 
River Range, in the vicinity of Station XL, a detail description of which 
is presented in a preceding page. In a thickness of about 1,500 feet 
there are two or three heavy beds of limestone, one of which forms the 
base of the formation, with heavy deposits of drab indurated calcareous 
shales, and variegated chocolate-red clay shales, the upper 500 feet being 
made up of grayish buff hard sandstones and sandy shales, capped by 
a heavy ledge of rusty brown and reddish conglomeritic sandstone, 
which has almost the compactness of quartzite. The latter deposit is 
succeeded by light-drab fragmentary limestones and variegated shales, 
which in turn are capped by a heavy ledge of reddish-buff, hard sand- 
stone, the whole adding a thickness of 500 to 900 feet to the lower series, 
or a total of 2,400 feet. 

No fossils were detected in the upper series of limestone strata, conse- 
quently its relation to the lower Series cannot be more definitely stated 
than that it occupies a conformably superimposed position. But in the 
lower series of limestones and indurated calcareous deposits, we find an 
indubitable Jurassic fauna. The latter beds are crowded with individ- 
uals of a small Gryphca, like G. calceola, and a small Ostrea(?) less 
numerous. The basis limestone affords the remains of Pentacrinites, a 
largish smooth Lamellibranchiate, resembling Camptonectes, and a small 
indeterminate Gasteropod. ae 

The conglomeritic sandstone bears some resemblance to the heavy 
guartzitic sandstone capping the Jurassic limestone series in the vicinity 
of Station XXIV in the Caribou Range, 15 to 20 miles in a direct line 
to the southwest; and it will be recollected at that locality this sandstone 
horizon is also succeeded above by drab caleareous deposits. But at 
the latter locality the determinate Jurassic limestone series, with its. 
associated shales and sandstones, attains a thickness more than a third 
greater, while it presents, in the character of the associated strata, a 
marked contrast to the lower series as it occurs immediately southwest 
of Station XL at the present locality. This belt of Jurassic may be 
traced to the southeast as far at least as Station XX XIX, and it will 
probably be found to extend quite to the Snake, south of the Téton 
Range. Remnants of Jurassic beds also occur in the debouchere of 
West Téton Pass Creek, and probably once reached high up on the Téton 
Range, lapping up on the southwest terminus, subsequent erosion, how- 
ever, having removed them from the higher acclivities. 

Along the western end of the Gros Ventre Range, in the region front- 
ing Jackson’s Basin, the Mesozoic formations have beenentirely denuded. 
But on the north flank of the range Dr. Hayden noted the oceur- 
rence of Jurassic, constituting an outlying belt succeeding the Trias, 
but which erosion has reduced to very variable width on the mountain 
flank as compared with its appearance over less exposed situations. 
Beyond their probable occurrence in the Mesozoic belt surrounding the 
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Buffalo Fork Mountains, little was acquired relative to their detail-stratig- 
raphy in that section. 
CRETACEOUS. 


The work of the past season in this district did not encounter rocks 
of the age of the Cretaceous, so far as may be judged from paleontolog- 
ical evidence. However, to the south of our southwestern section, in 
the contiguous district, Dr. Peale discovered beds pertaining to the Fox 
Hills Group, charged with a distinctive fauna; but the northern exten- 
sion of the highlands, in which the latter Cretaceous deposits were found, 
exhibited no certain evidence of the existence of similar horizons. In 
the vicinity of Fort Hall, to the east and northeast, outflanking the 
Jurassic on the west, in the disturbed belt at the intersection of the 
Mount Putnam and the Stations IV and V displacements, occurs a 
rather heavy series of red sandstones which may possibly be synchronous 
with some formation of this period. But the evidence is unsatisfactory 
and wholly based on apparent superposition of these deposits to fossil- 
- iferous Jurassic limestones, the connection between which could not be 
traced. On the northern flank of the Gros Ventre Range, however, Dr. 
Hayden discovered Cretaceous strata with characteristic fossils, Inocera- 
mus, Ostrea, Pinna, Cardiwm, &c., a condensation of which, as well as 
Dr. Hayden’s notes on the same, is incorporated in a preceding page. 

As to the later series of formations belonging to Cenozoic time, of 
which extensive and very varied exhibitions were found within the ter- 
ritory of this division, their further consideration in this connection is 
deferred until a future time, when it is hoped that, with more complete, 
or at least more extended, observation in the unvisited quarters of the 
district where these deposits are believed to take a conspicuous place 
among the later sedimentary formations, some connection may be traced 
by means of which we shall the better be able to understand the rela- 
tions of these, perhaps, anomalous late Mesozoic and Cenozoic deposits 
with their appearance in better-known localities in the country farther 
south. 
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CHAPTER VI. 


VOLCANIC ROCKS.—GENERAL CHARACTER AND DISTRI- 
| BUTION. 


That series of rock formations which owes its origin to voleanic or 
other igneous action is both varied and extensively distributed over the 
district. As here referred to, it embraces none but the later eruptive 
materials, since it is by no means certain that the granites in this region 
are of the same origin. Yet in the Téton Mountains, where some of the 
most lofty heights are blocked out of granite, intrusions of trap-like 
material are found in nearly vertical fractures which separated the 
inclosing rocks along lines more or less transverse to the axis of up- 
heaval. Such trapean dikes are conspicuously displayed on the south 
shoulder of Mount Hayden and in the huge bulk of Mount Moran. 
Vein formations traverse the Archean rocks wherever they are exposed 
to view. 

Bruptive and intrusive voleanics.—Of the purely eruptive and intrusive 
voleanics of later origin, we have fine examples in the gray hornblendie: 
trachytes of Mount Bainbridge in the Caribou Range, and the little dike- 
ridge at Station XVII in Willow Creek Basin, a few miles to the north- 
west. No data were observed by which the age of the latter deposits. 
might be fixed with accuracy; but hand-specimens that were brought 
from both these localities were recognized by Dr. Peale as having inti- 
mate relationship, in both their lithology and mineralogical constitu- 
ents, with the hornblendic trachytes of the Elk Mountains of Colorado. 
These Mount Bainbridge intrusions are, however, very variable in their 
physical constitution, often masses of the rock assuming a schistose 
character suggesting their possible origin as fragments of the erystal- 
line schists, which were entangled in the molten matter in its passage 
through the metamorphic horizons; but this would hardly seem to. 
explain their appearance in the intrusive sheets separating the sedi- 
mentary beds, which often show this structure throughout, and which 
may in some way be due to the presence of mica as one of the compo- 
nents of the rock. The local and very variable aspects of the dike-like 
and intrusive masses in Mount Bainbridge and at Station X VII have 
already been noticed, as also the association, at the former locality, of — 
auriferous lodes from which the placer-gold mined in that neighborhood 
was derived. We have, therefore, in these two observed localities, 
eruptive mountain masses precisely similar to the isolated mountain 
clusters that protrude in the great sedimentary plateau of the Colorado 
region of Western Colorado and contiguous regions of the neighboring 
Territories, which have been so well investigated in the progress of the 
survey in that quarter. The trend of the dike-like massin Station 
XVII, which, extended southeast, almost exactly intersects Mount Bain- 
bridge, strongly suggests the probable intimate relations of the at pres- 
ent isolated masses—the intervening basin plain being covered by the 
later flows of basaltic lava—though the eruptive matter may not have 
protruded to a uniform height over this extent, but it seems to have 
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burst out in local upheavals or the violent fracturing of the sedimentary 
deposits, which denudation has uncovered within a comparatively recent 
date. South of Mount Bainbridge the intrusive matter was not de- 
tected, while in Station XVII ridge it appears to have resulted in a local 
uplift accompanied by fracturing of the sedimentaries, which latter 
appear to fold round the northwest and southeast extremities of the 
uplift without break in their continuity. 

The early flowed trachytic lavas —We next come to a series of flowed 
voleanics which exhibit in their constitution, perhaps, the most variable 
features of any of the divisions belonging to this class of rocks. From 
their position, often high up on the mountain-sides, and even occupying 
their crests in places, dipping almost uniformly in the direction of pre- 
existing depressions of erosion, they are presumably amongst the ear- 
liest products of volcanic effusion which were poured out and overflowed 
a vast extent of country about the sources of the Columbia. 

These deposits consist chiefly of trachytic materials, but which exhibit 
in their local occurrence great variety in physical constitution, as will 
have appeared from the notices of these rocks in the foregoing chapters 
on regional geology. However, it may be deemed permissible briefly to 
review the salient local features which these deposits assume in different, 
portions of the district, in order that they may be the more readily com- 
pared with the observations of my colleagues in adjacent regions. 

The farthest west exposures of these rocks observed by myself were on 
the western flank of the Blackfoot Range. Here they are found to occupy 
a sort of basin area intervening between the foot of the range and the 
high basaltic-capped barrier on the west through which Blackfoot River 
has excavated a canon on its way out into the Snake plains. The rock 
consists of flag-like, brown, drab, and pale brick-red trachyte, portions of 
which have a mottled appearance from the presence of small hght specks, 
and sometimes small amygdaloid cavities, and crowns three or four 
conical, rounded hills which descend to the westward. Therock usually 
weathers a pinkish color, and at one point the ledges seemed to have a 
very gentle inclination to the northeastward, or in the direction of the 
Blackfoot Range, from which they are separated by a narrow belt of 
rolling, grassy hills. In a high rounded summit, 7,200 feet above sea- 
level, about four miles little south of east of the above locality, and occu- 
pying a recess in the range opening to the southwest, occurs a heavy cap- 
ping of brownish-red and drab trachyte, in heavy and thin slabs or layers, 
dipping gently northward. The heavy-bedded layers are rounded by 
atmospheric action, even weathering by exfoliation. Traces of similar 
deposits were observed to the southeast, but of scarcely more impor- 
tance than to indicate the excessive denudation which these early vol- 
canic flows have undergone in this region. In the northern portion of 
the range, a highish ridge connecting the east and west spur-branches 
of the range shows heavy ledges of a softish dark-brown and drab mot- 
tled, vesicular trachytic lava at an elevation of about 6,200 feet, which, 
_ though apparently in situ, is too obscurely exposed to show more than 
its general appearance. It occurs in large weather-abraded masses in a 
bench facing Blackfoot Peak, which latter lies about one and a half 
miles to the eastward. Similar and probably identical lava-flows were 
elsewhere encountered, sometimes associated in the vicinity of the ordi- 
nary trachytes, though at no place were the relations of these rocks 
clearly shown. 

At the northern extremity of the Willow Creek Basin hills, a couple 
of miles north of Station XVI, a heavy bed of gray or pluish-drab, com- 
pact trachytic rock unconformably overlies Laramie Group deposits, in 
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a high summit, 7,200 feet, at this end of the highlands. The deposit, . 
which evidently belongs to a heavy bed, is divided into uneven layers 2 to 
12 inches or more in thickness, which ring under the hammer, and which 
dip 40° to the northeast, declining in the steep northeast slope of the 
hill, upon whose flanks rests a heavy mass of basalticlava. 

In the Caribou Range, to the northeast of the last above locality, some 
interesting exhibitions of the trachytic deposits were met with, but al- 
ways occurring as isolated remnants of a formerly much more exten- 
sively distributed flow. Near and on the crest of Station XX ridge, a 
couple of miles north of the upper entrance to Fall Creek Cation, occur 
more or less abraded masses of a rusty brown vesicular trachytic lava, 
with which are associated concretionary nodules of light-drab and black 
obsidian, fragments of the latter being abundant in the summit of the 
ridge. This rock both in its denuded outcrop and physical features re- 
sembles and is apparently identical with the above-mentioned vesicular 
voleanic ledges west of Blackfoot Peak. It appears to have partially 
metamorphosed the Jurassic shales with which it came in contact, al- 
though no satisfactory exposures of the rock were here seen insitu. It 
must, however, have overflowed the denuded and tilted Jurassic strata, 
yet the whole mountain ridge doubtless has been subjected to great ero- 
sion subsequent to the period of the flow, in which the latter indeed has 
suffered almost complete destruction. It was traced in the western de- 
clivity of the range at the head of Porcupine Creek, indicating the prob- 
able former connection of the at present isolated exposures. -Also, in 
heights about four miles almost due north and northwest of Station XX, 
in the neighborhood respectively of Stations XXI and XXIV, and at 
Station XXIII, on either side of the narrow northern summit of the 
range, considerable plateau-like remnants of the same material are met 
with, the inclination being gently to the west, northwest, and north, off 
some of the highest elevations in this part of the range, 7,200 to 7,400 
feet above tide. At the latter locality, Station XXIII, the bowlder-like 
masses are underlaid by a heavy deposit of conglomerate, the coarse 
materials consisting chiefly of more or less abraded fragments of quartzite 
and limestone, the cementing material resembling a variegated trachytic 
tuff, which in places greatly predominates, where it assumes much the 
appearance of the ordinary variegated trachytic materials, in color buff, 
reddish-chocolate mottled, drab to pink, and decomposing into a fine 
ashy soil. This deposit at one point dips at an angle of 25° to the 
ne in the direction of the low country in the debouchure of the 
Snake. 

In the high plateau bench at the northern end of the Caribou Range, 
6,800 feet, a considerable extent of the surface is based upon the drab 
and pink trachytic flow, which has a gentle inclination west of north. 
This deposit extends round the northern end of the range to the western 
flank, more or less interrupted by denudation, in which latter region it 
forms the coping of sloping plateaus which rise up out of the voleanic- 
floored upland of the Willow Creek Basin on the flank of the range to 
an elevation of 7,200 feet.. Of the same character are the sloping table 
ridges southwest and west of Stations XXI and XXII, to the south of 
which they doubtless still oceur over considerable areas and were once 
connected with the mass at the northern extremity of the basin ridges 
north of Station XVI. 

In the Blackfoot Valley, near our southern border, similar pink-drab 
trachytes were found resting upon the soft Pliocene lake-beds. At 
Station XXX such an exposure occurs, dipping in the direction of 
the valley, northeast, at an angle of from 15° to 20°. At the latter 
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locality these deposits are intimately associated with brown basaltic 
Java, which latter also partakesin the disturbances that tilted the older 
trachytic flow, and which appear to have been gently folded over a 
broad, low ridge, whose axis lies in anortherly and southerly direction. 
- In the eastern border region of the great plain of the Snake these tra- 
chytie deposits occur under still more varied relations. Professor Brad- 
ley describes the general structural features of the extreme northern 
spur ridge of. Mount Putnam, which terminates in the plain between 
Ross Fork and Lincoln Creek, as consisting of the light-colored Pliocene 
sandstones and limestones, interlaminated with sheets of “trachytie 
porphyries and coarse volcanic sandstones, all dipping about north 54° 
east, at angles varving from 15° to 30°.” These deposits Professor Brad- 
ley found upraised in a rather sharp anticlinal fold, the southwestern 
flank of which shows steeply inclined basalts, dipping at an angle of 
729, 8. 34° W. It would appear that the trachytic sheets here referred 
to were deposited by outflows during the period of deposition of the 
Pliocene beds, with which they have become regularly incorporated, 
rather than intrusions of igneous matter between the soft strata. Hence 
their relative age, and some notion of the voleanic phenomena accompany- 
_ ing the laying down of the strata during this latest period of the Tertiary, 
may be readily conceived. 

Similar exhibitions of these early trachytic flows are also met with in 
the lower portion of the lower valley of the Snake, although they are, in 
the latter region, not so clearly associated with Pliocene beds as at the 
locality above mentioned, while, at the same time, in their intimate rela- 
tions with alternations of basaltic lava and heavy beds of modern con- 
glomeritic accumulations, they offer new and still more varied phases, 
whieh indicate the long continuance of these eruptions and the variety 
in their materials, approaching the later stages probably immediately 
preceding the grand eruptions which overflowed with molten lava and 
desolated a vast extent of the interior basin of the Pacific slope within 
a period so comparatively recent that it may truly be termed modern. 
These deposits have also been described as reclining on the flanks of the 
mountain borders of the valley, dipping at a moderate angle in the 
direction of the lower depression, but they appear not to have reached so 
high on the mountain summits as the before-mentioned and doubtless 
older deposits. About midway of the lower valley of the Snake, its whole 
breadth is choked by huge masses of trachyte and laminated porphyritic 
trachytes, associated with reddish-brown minutely vesicular basalt, 
which here seem to form the basis of the deposit, as though it had poured 
out of a vast fissure in the immediate neighborhood, inundating the 
valley. But above this point the valley has been so thoroughly swept 
out as to make it a matter of some doubt whether the volcanics ever ex- 
tended far above Pyramid Creek, not a vestige of them having been 
noticed on either side of the valley. 

In the region of the Téton Range, especially in the borders of Pierre’s 
Basin, the earlier volcanics exist on a far grander scale. They also pre- 
sent a marked physical change as compared with the flows holding 
similar position in the region above briefly noticed, reaching up on the 
western flank of the Téton Range, to the north, to an elevation of above 
8,000 feet, but declining to the south, where, however, they have suf- 
fered extensive erosion and have been entirely removed from the op- 
posed flank of the Snake River Range, until reaching the northeastern 
extremity, where they occur in gently uplifted benches, precisely like 
the great volcanic foreland on the west flank of the Téton Range. These 
flows once filled the entire area of Pierre’s Basin, indeed they probably or 
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possibly constitute the floor upon which the later quaternary detritus of 
the present basin surface rests; but they are accessible for satisfactory 
study only at comparatively few points, as the majority of the exposures | 
south of Leigh’s Creek, on the east side, and Horse Creek, on the west side, 
are mere remnants, and these much obscured by late weather action. But. 
in the cafion of the North Fork of Pierre’s River, where it descends the 
great foreland, these deposits are exhibited in magnificent sections, 
miles in linear extent, and revealing a vertical thickness of several hun- 
dred feet. This foreland seems to be made up of several distinct benches 
of different volcanic products, which higher on the: mountain side de- 
cline at a rate a little greater than the descent of the stream, so that, in 
passing from the mountain to the plain, successively higher flows are 
met with. At the head of the North Fork the earliest flowed mate- 
rial is in contact with Silurian and Carboniferous deposits, the steep 
bluff face here showing the lower masses of rusty, coarse-vesicular 
trachytic lava, with obsidian, which is so like the remnants before noticed 
in the northern summits of the Caribou Range that their identity can 
hardly be questioned. This ledge is underlaid by decomposing porphy- 
ritic obsidian trachytes having a burned-out appearance in places, whose 
coarse sand débris litters the steep talus slopes. The obsidian, occurring ~ 
‘in fragments here as elsewhere, contains little globules of spherulite; 
but these lower beds are so obscured by the action of the weather, which 
has covered them with a mantle of their own detritus, as to conceal the 
point of contact with the sedimentaries as well as the inferior portion. 
of their own ledges, which more extended search than we were able to 
bestow will doubtless yet bring to light. But no evidence of the pecu- 
liar semi-fragmental volcanic deposits, such as apparently constitute the 
basis of these early voleanie flows in the summit region of the Caribou 
Mountains, was observed. These deposits once, doubtless, reached high 
up on the mountain-side in the vicinity of Station XXXII, but ata 
period before the North Fork had begun to excavate its caiion, in the 
process of which not only the voleanies, but a vast amount of sedimen- 
taries also, were swept away and mingled with the finely-comminuted 
‘soil which spreads a mantle of fertility over the undulating uplands 
which stretch far out into the great plain. South of the North Fork 
these same volcanics reach well up on the ancient denuded Archean 
mountain flank, and still farther in the same direction they exist as mere 
remnants of the rusty porphyritic and pink and drab trachytes, always 
inclining toward the basin. However advanced erosion had progressed 
in leveling the great range prior to the effusions of the igneous matter, 
much of the more conspicuous effects of erosion that strike the observer 
to-day, such as the gorges which cut the great foreland, have been exe- 
cuted subsequent to the volcanic emissions. If the cafion-valleys reached 
their present depth prior to the volcanic flow, which seems, very doubt- 
ful, they have been entirely cleaned out and their beds filled with the 
débris swept down from the interior portion of therange. Thisis appar- 
a from an examination of any of the cafon mouths south of Bear 
reek. 

Descending the foreland either side of the North Fork of Pierre’s 
River, the earlier volcanic flow is succeeded.above by successively more 
recent flows, which present considerable variety in physical appearance. 
Throughout the caiion a heavy mass of laminated perphyritic trachyte 
prevails, extending to the junction of Pierre’s River, and doubtless be- 
low that point, and which has a peculiar style of weathering, generally 
in parallel planes, simulating the deposition planes of sedimentary de- 
posits. Portions, in the upper part of this laminated mass, are, however, 
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quite heavy bedded, and, as seen in great blocks rounded by the action 
of the weather, it is sometimes coarsely vesicular, recalling the por- 
phyritic obsidian trachytes which form the basis of the flows. The lami- 
nated ledges are weathered into the most varied and picturesque monu- 
mental shapes all along the precipitous cation sides, where the exposures 
frequently reach a height of 200 or 300 feet, perhaps more, above the 
bed of the stream. They are overlaid by the thin-bedded, pink and 
drab trachyte, with disseminated feldspar and sanidine, which in places 
show a thickness of above 40 feet. In the laminated ledges, at the point 
ef contact with the trachyte, undulations in the surface are observed, 
like nonconformities or wedge-shaped masses, such as are not infrequent 
in deposits of purely aqueous deposition. And in the prairie upland 
masses of dark vesicular basaltic lava are encountered overlying the 
trachyte, and which, physically, are undistinguishable from the basalts 
which overspread the lower level of the Snake plain. But the connec- 
tion between the basalts of the upland and those of the plain is not so 
apparent, denudation having effected changes.in the surface since the 
flow of these materials which will require careful research in order to dis- 
cover their true relations. It should also be observed that the basaltic 
ledges were found in positions indicating that the trachyte had been 
eroded prior to the flow of the basalt, which latter occurs at levels 
scooped out of the laminated porphyritic deposits. Erratic-like masses 
of steel-gray, intensely hard basalt are met with in the foreland slope 
west of Station XX XIII, though no regular ledges were observed in 
this position. At this point, in the east-facing bluff slopes of one of 
the foreland benches, the same series of volcanics is shown that was 
noticed in the vicinity of the confluence of the North Fork and Pierre’s 
River; that is, the laminated porphyritic trachytes, overlaid by the pink 
and drab ledges, and in the surface large masses of the tough, dark, 
bluish-green basalt, which weather by exfoliation; the ledges having 
been upraised a thousand feet above their position at the latter locality 
in a distance of 10 miles. All the above volcanic ledges extend south 
as far as the upland divide between Cation and Leigh’s Creeks, beyond 
which the basalt appears not to extend, and the inferior deposits have 
been much attenuated by erosion. 

Similar pink, rusty-weathered trachytic ledges rise up in great benches 
around the northern end of the Snake River Range, attaining about the 
same height as in the Téton Range, about 8,000 feet, or between 2,000 
and 3,000 feet above the general level of Pierre’s Basin. Towards the 
lower level of the Snake Plain, to the north, heavy outliers of pink 
trachyte are met with, forming low bluffs a hundred feet in height along 
the edge of the upland, where it is skirted by Fall River, or the Middle 
Fork of Henry’s Fork, below the mouth of Conant Creek. At the latter 
locality, which. was also visited by Professor Bradley, the ledges are 
much disturbed, dipping from vertical 75° northeast, and at another point 
60° southwest. The cleavage structure gives the mass a thin-bedded 
appearance. This rock extends several miles along the stream above, 
and, rising the grassy uplands between Conant Creek and North Fork 
ef Pierre’s River, similar ledges appear in the declivities, generally in 
narrow outcrops running in a southeasterly direction; the exposures, 
however, not showing marked disturbance. A rather high ridge in the 
midst of this upland is reported by Professor Bradley as marking the “rim 
ef an old broken-down crater, which faces nearly due east. The lava 
- is a laminated mixture of quartz, obsidian, and feldspar; but no masses 
seemed to be in situ, so that direction of structure could not be deter- 
mined.” . 
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The laminated porphyritic trachyte reaches a short distance up the 
valley of West Téton Pass Creek; but it is seen here only in remnants, 
and takes no conspicuous part in the formation of the topographic fea- | 
tures of this part of the basin. But, passing over the ridge at the south . 
end of the Téton Range, on gaining Jackson’s Basin, almost opposite the 
mouth of East Pass Creek, Professor Bradley found a heavy mass of 
porphyritic breccias, ‘much distorted, but having a general northwest- 
erly dip,” around which the sedimentaries are clustered, forming the 
Lower Gros Ventre Buttes. e 

It appears that the tilting of these volcanic ledges agrees with the 
dip. of the loose deposits of the late Tertiary in their immediate vicinity, 
and was probably determined by the same disturbances. To the north, 
at the southern end of Jackson’s Lake, Professor Bradley observed 
‘Shieh knobs of porphyries and trachytes,” and opposite, at the extreme 
western foot of the highlands outflanking Mount Leidy, a detached 
mass of dark-green porphyritic lava caps a low ridge on the south side 
of Elkhorn Creek, dipping 15° to 20° northwestward. It is not improb- 
able other remnants of a similar character will be found to. the north, 
connecting those above noticed with the great volcanic plateau of the 
lake region, which Professor Bradley observed to be largely composed 
of ‘‘porphyries and trachytes, with porphyritie obsidian”; and through 
the plateau deposits we may reasonably infer thence unbroken continu- 
ity with the laminated porphyritic deposits which reach up on the west 
flank of the Téton Range. 

Professor Bradley has already noted the occurrence of porphyritic 
trachytes on the northern or eastern slope of the divide descending to 
the-upper valley of the main Snake, where they cap the ridge, which is 
based upon Mesozoic and Paleozoic deposits, the volcanics dipping 30° 
southwest, or a little less than the inclination of the sedimentary beds 
which outcrop in the western flank of the ridge, opposite and below the 
mouth of Lake Fork. But to the east the voleanics appear to change, 
being made up of “rapidly-disintegrating voleanie rocks, mostly con- 
glomerates of trachytie porphyry, obsidian,” &ce., with upthrusts of 
“oray trachytic lavas and red basalt, partly vesicular, though mostly 
compact,” which Professor Bradley observed in high ridges about the 
sources of the Snake, at an altitude of about 9,600 feet. The south- 
ern side of this divide, descending to the lower course of Buffalo Fork, 
shows no volcanics, at any rate none were observed during the present 
season’s work. in that neighborhood, unless the remarkable bowlder- 
deposit that extends in the summits northeast from Station XLVIII are 
partly ascribable to volcanic origin. 

Basaltic lava flows.—Next in order of chronological sequence we have 
briefly to notice the great basaltic flows which occupy so immense an 
area in this region, indeed nearly all the upland basins in the country 
west of the Caribou Range, and spreading out over nearly the entire — 
area of the great plains of the Snake. The physical characters of these 
deposits in the plains region have already been so much discussed, that 
only such facts are here presented. as were observed in the upland region, 
which may contribute a moiety to our knowledge of their distribution 
and something on the associated phenomena here encountered. 

Along the eastern border of the Snake plain. the basalts have been 
uplifted to a position several hundred feet above their level in the plain, 
and throughout the lower valley of the Blackfoot they exhibit marked 
disturbance, being elevated into low folds, one of which appears to have 
great persistency, following nearly the course of the Blackfoot between. 
its northern bend where it cuts actoss the western declivity and the 
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southern border of our district in the vicinity of Station XXX. North 
of the Blackfoot, these basaltic flows are gently upraised in the long 
grassy foreland flanking the Blackfoot Range, forming low benches re- 
markable for their uniformity of slope. The entire area of the plains 
' portion of the Willow Creek-Blackfoot Basin is floored with these de- 
posits. To the south they do not appear ever to have reached very high 
on the flanks of the Blackfoot Range, where their elevation is near 7,000 
feet, or 1,400 feet higher than the bluff faces of the sloping benches at 
the northern end of the range. Hence, it would appear that the basalts 
have been little if at all disturbed by elevatory forces situate in this 
range, from which we may infer that in the latter mountain belt no 
movement has taken place subsequent to the later outpouring of the 
- igneous matter which envelopes their base, and whose apparent inclina- 
tion was merely the result of the partly fluid mass flowing over pre-ex- 
isting gentle slopes toward the lower levels of the Snake Basin. Butin 
the basin region east of the Blackfoot Range, the basalts rise up into a 
prominent ridge between Willow and John Gray’s Creeks, in the rugged 
crest of which they occur a thousand feet above the adjacent plain. Ast 
Station XIV, which occupies one of the culminating points of this ridge, 
7,400 feet, the basalts gently rise up into the summit, the north and east 
face of which has been broken down by denudation in precipitous walls. 
The broad, rounded summit of the mountain is strewn with scoriaceous 
lava, while in the immediate vicinity much of the compacter and slag- 
like material has a very recent appearance, merging into the ordinary 
dark steel-gray and brown basalt of the slopes and basin plain. Al- 
though it might be difficult at the*present day to define its limits, it 
seems very probable that this locality marks the site of a crater-vent 
from which issued the matter covering the declivities. This ridge is 
based upon Mesozoic or Tertiary formations, whose folding undoubtedly 
took place prior to the earliest of the volcanic flows, and which to the 
north, in the vicinity of Stations XV and XVI, have been entirely de- 
nuded of the igneous mantle, a remnant of which, however, forms the 
cap of XV, dipping gently to the westward into the basin level. 

As has previously been mentioned, in the northern extremity of this 
ridge the sedimentary beds pass beneath a heavy sheet of trachyte, 
which dips at an angle of 40° to the northeast. The question arises, 
What are the relations of the various voleanic flows here met with 
to the dynamical agencies concerned in the uplifting of the sediment- 
ary deposits which constitute the nucleus of the ridge? Subsequent 
to the flow of the trachtye the ridge was extensively denuded, baring 
the sedimentaries upon which the later flow of basaltic lava rests 
in immediate contact. Hence the inclined position of the trachyte, if 
not attributable to late-continued elevatory forces. seated within the 
ridge, might be explained by referring its souree to the same volcani¢ 
vent from which was poured the basaltic material; but between the 
two flows there must have elapsed an interval of time sufficient to allow 
the almost total degradation of the earlier flow, of which the tilted 
ledge in the northern. slope of the ridge is evidently but a remnant of a 
formerly extensive deposit, which may indeed have covered the whole 
country roundabout with a sheet of trachyte continuous with remnants 
elsewhere occurring. But this explanation may not satisfactorily accord 
with all the facts, meagre as they are. In a former page reference was 
made to the occurrence of an upthrust of hornblendic trachyte which 
marks, if it did not determine, the axis of a lower parallel ridge to the 
east between theforks of John Gray’sCreek. This upthrust trends about 

’, 40° N. and E..40° S., and although the effects of displacement at- 
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tributable to it diminish in either direction from the culminating point, 
if the line of uplift be extended it exactly intersects the hill whose 
northeast flank is plated by the trachytic flow above mentioned. This — 
naturally suggests the query, Was not the uplifting of the trachyte in 
part, at least, due to elevatory forces accompanying the upthrust of this 
dike-like mass of eruptive material? In the latter event, we would be 
enabled to determine with precision the relative date of the eruption of 
the hornblendic trachyte, which must have occurred at a period subse- 
quent to the earlier trachytic flow, if indeed it was not also antedated 
by the basaltic flows. _ 

In the basin ridges west of John Gray’s Lake basaltic and scoriaceous 
lavas are gently upraised on their flanks. And so, also, around the 
northern extremity of the Caribou Range, where their position is ap- 
parently the exact counterpart of their relation to the Blackfoot Range, 
with which latter, indeed, they are continuous, forming the upland 
slopes intervening between the low mountain ridges and the Snake 
plain. This upland border region is deeply scored by the calon-courses 
of the streams flowing out into the Snake, and the basalts of which itis 
made up extend well up into the lower valley of the Snake, which has 
cut a deep, narrow gorge, in places several hundred feet in depth, walled 
by the sombre, igneous ledges. To the north and northeast this upland 
gradually expands, and finally merges into the great volcanic plateau 
which stretches north from the northern extremity of the Téton Range, 
forming the water-divide west of the lake basin at the sources of the 
Snake. In the undulating slopes north of Pierre’s Basin, and reaching 
up on the great volcanic foreland on the west flank of the Téton Range 
a thousand feet higher, evidence of the former general distribution of 
the basaltic flow over the whole extent of this upland region was not. 
wanting. As has already been noticed, the basalts in this region were 
flowed over the denuded surfaces of the earlier trachytic flows. But 
how to account for their gently uplifted position on the flanks of the 
Téton and Snake River Ranges, no satisfactory data were gained, be- 
yond the very natural supposition that their present position is the 
result either of late-continued elevatory movements situated in the 
mountain areas, or subsidence in the basin region; for no evidence was 
observed that would suggest the mountains themselves as the sources 
whence emanated the outflows which cover their lower declivities. 

East ot the Téton Range, in the region of Jaekson’s Basin, the basalts, 
if ever they existed, have been entirely swept away; indeed, erosion 
has been carried to such an extent in this basin up to a very recent date 
that only meagre remnants of the older voleanics are now to be met 
with. But passing east to the summit of the continental watershed, its 
level crest, southeast of Togwotee Pass, seems to be capped by a heavy — 
flow of: late lavas in the midst of which rises a low dome of scoriaceous 
and compacter lavas, which is, possibly, the remains of a crater. This 
outburst occupies the very summit of this part of the watershed between 
Togwotee and Warm Water Passes, at an altitude of 10,000 to 10,500 
feet above the sea at Station LI. The dark lava and reddish to yellow 
scoriaceous matter is precisely like that occurring at before-mentioned 
localities supposed with some probability to mark the sites of crater- 
vents; and if the wall of dark basalt-like rock, which extends along the 
mountain crest several miles, or as far as could be seen, from a point a 
short distance northwest of Station LI, thence southwards, originated in 
matter thrown out from the same vent, little disturbance or change has 
taken place subsequent to the effusion, except that produced by the enor- 
mous erosion which has acted upon all these materials up to the present 
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time. However, this supposed basaltic or lava cap of the watershed 
perceptibly, though very gently, declines to the southwards. As I did 
not visit the ridge at this point, [ am unable to state more fully its mag- 
nitude in a transverse direction; but it seems very probable that it 
merely forms a remnant strip, to the presence of which is due the pre- 
servation of this part of the great divide. 

Encompassing the head of Buffalo Fork and its mountain tributaries, 
and constituting the watershed and a large extent of territory to the 
east, embracing the sources of the Yellowstone, and, according to Cap- 
tain Jones, the headwaters of Gray Bull River, and reaching south along 
the continental divide nearly to the parallel of 45° 30’, occurs a vast 
accumulation of partially sedimented volcanics, the origin of which is 
almost beyond the comprehension. This mass is chiefly made up of vol- 
eanie breccias, with heavy layers of voleanic conglomerate, sands, and. 
mud, the latter of which exhibit unmistakable indications of aqueous 
deposition, though the former usually shows an aggregation of angular 
fragments of various volcanic products, trachytes, and basalts, held in a 
fine cement-matrix like trachyte-tuff; but which in the mass presents ap- 
parently regularly bedded structure-planes, which give to the exposures 
in the numerous mountain escarpments the sombre banded appearance 
by which these deposits may be recognized at great distances. In the 
region here alluded to they are slightly inclined in various directions, 
as though they had been subjected to some slight disturbance, at least, 
by elevatory movements located in more or less isolated areas of dis- 
placement, such as that in which the Buffalo Fork Peak uplift resulted 
which brought to view the crystalline basis rocks and the whole series 
of older sedimentaries of the region. Besides other disturbances in these 
deposits, referred to in the general description of this part of the district, 
in a preceding chapter, Togwotee Pass appears to occupy the axis of a 
very shallow depression in the volcanic strata which perceptibly, though 
gently rise to the northwest and south from the vicinity of this gap in 
the great watershed. 

‘This deposit may attain in this region a thickness of 2,000 to 5,000 
feet, possibly even a greater thickness. Entire mountain-ranges have 
been fashioned from its mass, including some of the loftiest and most 
rugged elevations in this region, while the effect of atmospheric ero- 
sion has produced the most wonderful and sublime mountain scenery. 
The observations of Dr. Hayden on the origin of this deposit are so com- 
prehensive that I beg to quote the graphically expressed results of his 
own earlier investigations in this relation.* “The question arises in the 
mind, Whence originated this vast deposit of breccia or conglomerate, 
and what were the physical conditions under which the materials were de- 
posited? As to their origin, we must conclude that they were thrown out 
by volcanoes into the surrounding waters much as similar materials are 
ejected from modern volcanoes at the present time. We find, however, 
that these breccias are of immense thickness, sometimes 4,000 to 5,000 
feet, as at the sources of the East Fork and in the mountains at the 
head of the Yellowstone above the lake. Some of the highest mount- 
ains in the northwest are capped by these voleanic breccias, arranged 
in horizontal strata, and showing most clearly that the agent was water. 
In almost all cases the stratified breccias are perfectly horizontal from 
base to summit, thereby indicating the probability that there has been 
no important movement of the earth’s crust since their deposition. We 
must conclude, then, that at a comparatively modern date the waters 
so covered these mountain-ranges of the northwest that not even the 


*U. S. Geological Survey of the Territories, 1872, p. 38. 
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' summits of the loftiest peaks were above the surface. It is barely possi- 
ble that we might make an exception in the case of the Grand Tétons. 
We may suppose that the materials were supplied from the numberless | 
voleanic fissures in unlimited quantities in a comparatively brief space 
of time; but the period which would be required for the waters to 
arrange this matter in the remarkably uniform and compact series: of 
strata which we find at the present time must have been great. The 
results have been carried on upon such a stupendous scale that the mind 
finds with difficulty the courage to grapple with them or attempt to 
explain them. And then, subsequent to the deposition of these enormous _ 
beds of conglomerates, has been the wearing out of cations and valleys 
2,000 to 4,000 feet in depth, the sculpturing of some of the most marvel- 
lously grand and unique scenery on the continent.” - au 
The relative age of this vast accumulation, a measure of which may 
be sought in the character of its components, leads us to: infer its com- 
paratively recent date. Thecoarse materials which enter so largely into 
the composition of the stratified mass, especially noticeable in the con- 
glomeritic portions, consist of fragments of all the older voleanie products, 
as trachytes and laminated porphyritic trachytes, while the more modern 
flows and eruptions have contributed fragments and bowlders of basalt 
and scoriaceous lava. The base of the deposit, its contact with older 
voleanic deposits and sedimentary formations, is so concealed by the im- 
mense talus accumulations which bury the foot of the mountain-walls, 
inte which the deposit has been eroded, that we as yet possess few and 
perhaps no satisfactory facts exposing the character of the earliest stages 
of this remarkable deposit. In the approaches to Togwotee Pass huge 
outliers of exceedingly sombre, jagged breccia, apparently in situ, and 
in places disturbed or tilted from the original horizontal position, are 
met with at a level 1,500 to 2,000 feet or more below the neighboring 
mountain-summits, and which may indeed belong to the foundation of 
the deposit. The latter masses bear every appearance of intense vol- 
canic action, as though their materials, rock fragments, sands, and mud, 
have passed through a fiery ordeal and been so rapidly ejected as not to 
allow their rearrangement by aqueous currents, but which latter per- 
formed so prominent a part in the redistribution of the later accessions 
to the great deposit. 
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REPORT OF A. C. PEALE, M. D., GEOLOGIST OF THE GREEN 
RIVER DIVISION. 


LETTER OF TRANSMITTAL. 


WASHINGTON, D. C., December 31, 1878. 


Ste: I have the honor herewith to hand you my report on the geol- 
ogy of the district examined by the Green River Division during the 
field season of 1877. The party consisted of Mr. Henry Gannétt, topog- 
rapher, directing; J. E. Mushbach, assistant topographer ; F. M. East- 
man, and myself, with two packers and a cook. 

The district examined comprises 13,000 square miles. We began 
work on June 1, at Green River City, and left the field at Ogden, Octo- 
ber 1, being in the field four months. Some portions of the districts 
were, therefore, necessarily more closely studied than others. It was 
my object to obtain a correct general idea of the region, knowing that 
the detailed investigation would have to be left for future study on 
account of the limited time at our disposal. 

Ihave colored a provisional geological map. Before the final map is 
colored, several localities, in which the relations of the strata are some- 
what obscure, must be visited, and a careful paleontological study must 
be made of several interesting fossil localities. 

The district is divisible into three drainage areas, and to facilitate 
she comprehension of the description, the Descriptive Geology is given 
in three chapters corresponding to this division of the district. These 
chapters are necessarily mainly a transcript of the field notes. Preced- 
ing these chapters, in two others, I have given the general features and 
an itinerary. In the concluding chapter I have given a résumé of the 
geological features, presenting also such generalizations as are most 
obvious. The time allotted to the preparation of the report has been too 
short to enter into an extended discussion of the orographic problems 
_ that present themselves, and they will have to be deferred for the present. 

For the illustrations accompanying the report I am largely indebted 
to Mr. W. H. Holmes and Mr. F. D. Owen, and the photographs of Mr. 
W.H. Jackson. The maps are due to the work of Mr. Henry Gannett. 
The topographical report of the latter supplements this, and will give 
all the topographical details, elevations, &c. 

To my colleagues, both in the field and in the office, I am under obliga- 
tions for their cordial co-operation in my work. Iam especially indebted 
to Mr. J. E. Mushbach, to whose zeal and industry in the collection of 
fossils and other data, while in the field, is due the elucidation of a 
number of obscure points in the geological structure of the district. 

To Captain Bainbridge, in command at Fort Hall, and to his colleague, 
Lieutenant Hall, we desire to express our thanks for the kindness shown 
us while we were refitting at their beautiful little post. 

- Hoping this report may meet all requirements, I have the honor to 
remain, very respectfully, your obedient servant, 
A. C. PEALE. 


Dr. F. V. HAYDEN, 
United States Geologist-in-charge. 
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REPORT ON THE GEOLOGY OF THE GREEN RIVER DISTRICT. 


By; Dry A.C. PEALE. 


CHEAP TER I. 
GENERAL INTRODUCTION. 
AREA. 


The district assigned the Green River Division for the season of 1877 
lies between the meridians 109° 30’ and 112° and between the parallels 
41° 45’ and 43°. This includes an area of about 11,100 square miles, the 
larger portion of which lies within the limits of Wyoming Territory, the 
rest being divided between Utah and Idaho. The area thus indicated 
was surveyed, and in addition to it a belt of country reaching west to 
meridian 112° 30’, so that the entire area surveyed amounts to 13,000 
square miles, distributed among the three Territories as follows: 


Square miles. 
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On the east our work connected directly with that of the Sweetwater 

Division, under Mr. Chittenden and Dr. Endlich. Our northern line 

was the southern limit of the work of the Teton or Snake River Division, 

under Mr. Bechler and Mr. St. John. The country bordering our dis- 

trict on the south has been explored and mapped in detail by the Survey 
of the Fortieth Parallel, under the direction of Clarence King. 


FORMER GEOLOGICAL EXPLORATION. 


Although from the time of Bonneville’s explorations to the present time 
the district has been traversed by many parties, little has been added to 
our knowledge of the country outside of their immediate routes of travel. 
This refers more particularly to the eastern and northern portions, for 
the western and southwestern parts of the district are comparatively well 
settled and therefore well known. Nearly all previous explorations were 
for the specific purpose of selecting routes for wagon-roads across the 
country, and the additions made to our knowledge were geographical 
and to a limited degree topographical rather than geological. This sub- 
ject will, however, be referred to in more detail by Mr. Gannett in his 
report. The only geological explorations previously carried on in the 
district were of a reconnaissance character, and extended over but limited 
portions of the district. The explorations of the Geological Survey in 
in 1870, 1871, and 1872, comprises the largest portion of this reconnais- 
sance work. 
In 1870 Dr. Hayden passed near our eastern line on his way from 
fee Pass to Fort Bridger, following down the Little and Big Sandy 
L1Vers.* 


* Report U. S. Geol. Surv. of Ter. for 1870, 1871, pp. 39-41. 
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In 1871 the survey travelled northward through Cache Valley and 
Marsh Creek and the Lower Portneut Valley, in the western part of the 
district, en route to the Yellowstone National Park, and in the following 
autumn on returning from the field the party came through the Upper 
Portneuf Valley to the bend of Bear River, and thence via Bear River 
Valley and Bear Lake to Evanston, where the expedition disbanded. 

Although the work done was somewhat general in its character it was 
essentially correct, and all that has been added during the season of 1877 
is in the matter of detail and in tracing its geological connection with the 
_ formations of the surrounding country. — , 

In 1872 the Snake River Division of the survey passed northward from 
Ogden via Malade Valley and the Portneuf to the Snake River plains. In 
1872 also, Prof. E. D. Cope took a small party over the southwest corner of 
the Green River Basin, visiting Fontenelle Cafion. (See Report for 187 2.) 

In 1873 an expedition to the Yellowstone National Park under Capt. 
W. A. Jones went from Fort Bridger to Camp Stambaugh over the route 
via Big Sandy, &c., followed by Hayden in the reverse direction in 1870. 
Prof. Theo. B. Comstock acted as geologist for the party and has colored 
a geological map which includes the southwestern part of the Wind 
River Mountains and the adjacent portion of the Green River Basin. 
All that falls within the limits of our district is incorrectly colored, and 
the explanation is found in the fact that Professor Comstock never visited 
the portions thus colored. On the southwestern slopes of the Wind 
River Mountains formations from the Lower Silurian to Carboniferous 
are colored as showing between the granites of the range and the Green 
River beds of the Green River Basin, whereas the fact is that the Ter- 
tiary beds (Wahsatch formation) are directly superimposed on the granitic 
rocks, the line of junction being frequently concealed by accumulations 
of morainal material. ' 

Professor Comstock also colored an area of volcanic rock as extending 
southward east of John Day’s River between it and the Green River 
Basin. This area is occupied by what we have named the Wyoming 
Range,* which is compesed almost entirely of Carboniferous rocks. A 
large portion of the area represented by him as occupied by the Green 
River Group has the underlying Wahsatch Group as the surface forma- 
tion. The map of the Green River Basin published by the Survey of the 
Fortieth Parallel in the western northern portion slightly overlaps our 
southern line in the eastern part of our district. Portions of this region 
were not visited by the Fortieth Parallel Survey, and therefore it was not 
thoroughly explored by them.t The map colored by them, as regards 
these parts, although generally correct, differs in a few minor details from 
the map as colored by us especially in the eastern portion. . 


DRAINAGE, MOUNTAINS, ETC. 


Drainage.—The drainage of the district belongs to three systems, viz: 
Green River, Snake Rivet, and the Great Basin. 

It.is not proposed here to go into the details of the drainage, as it falls - 
more properly within the province of the topographer. All the details 
necessary for the elucidation of the geological structure of the district 
will be presented in the subsequent chapters. 

The district is naturally divisible for the purpose of description into 


*In the map accompanying ‘his report, the name Wyoming is given to the mount- 
ains that previously were known asthe Gros Ventre Mountains. We have transferred 
the name to the range just south, which was unnamed. 

tReport U. 8. Geol. Expl. 40th Parallel, vol. ii, p. 251. 
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three Areas, corresponding to the division of the drainage, viz: The Green 
River Drainage Area, the Snake River Drainage Area, and the Great 
Basin Drainage Area. The first includes 5,223 square miles, the second 
2,879 square miles, and the third 4,898 square miles. 

” Green River is the artery of the first area. It probably derives the 
largest amount of water from the Wind River Mountains, although a 
large number of its tributaries rise in the mountains and hills on the 
west side of the basin. Its course is generally south, and its tributaries 
on the west have southerly, easterly, and southeasterly courses. On 
the east the tributary streams are confined mainly to the extreme north- 
eastern part of our district, there being no streams joining the Green on 
the east between the mouth of the New Fork and that of the Big Sandy, 
a distance of about 80 miles as the river is followed. 

The streams flowing from our district to Snake River are John Day’s 
River, Salt River, Blackfoot River, and the Portneuf River. The first 
two of these streams are approximately parallel, flowing north and 
joining the Snake beyond the limits of our district. The Blackfoot and 
Portneuf Rivers are both very irregular in their courses. The general 
direction of the Blackfoot is northwest, but some of its branches flow 
south and southeast, and others southwest. The Portneuf at first flows 
to the southward, approaching the bend of Bear River in a broad, open 
valley which is continuous from the Portneuf tothe Bear. It then turns 
abruptly to the east and cuts across the Portneuf Mountains to the valley 
of Marsh Creek, when it turns to the northward and flows in a course 
parallel to its former one, although reversed in direction. 

Bear River, which drains the third area, has, however, the most eccen- 
tric course. Rising in the Uintah Mountains, it flows generally north- 
ward, entering our district a little west of meridian 111°. It then con- 
tinues northward along the east side of the Bear River Plateau until it 
is jomed by Thomas Fork coming from the north. It then turns, and with 
a zigzag course flows across the end of the plateau, and loses its char- 
acter aS a river in the swamp or marsh that extends northward from 
Bear Lake. Emerging from the swamp, it continues northward and 
northwestward to the Great Bend at Soda Springs, where it reaches its 
most northern point, which is 61 miles from our southern line. Flowing 
westward through the gap at the north end of the Bear River Mountains, 
Bear River enters the broad valley that extends northwestward to the 
Portneuf. This valley is floored with basalt, and the river flows across 
it in a cation that is cut some 200 or 300 feet below the surface of the 
basalt. From the west side of the valley it takes a southerly course 
through Gentile Valley, whence it flows by way of a canon into Cache 
Valley. In the lowest portion of the latter it is joined by Logan Fork, 
and turns westward through the “Gates,” from which it emerges into 
the Salt Lake Basin, and Teaves our district, on its way southward to 
Salt Lake, in longitude 112° 8’, only 54 miles west of the point at which 
it entered. It has a course of some 200 miles within the limits of our 
district. 

Plateaus.—The district is about equally divided between mountains, 
plateaus, and valleys. The greatest elevation is 11,490 feet in Wyoming 
Peak in the Wyoming Range. The lowest elevation is where the Bear 
finally leaves the district, ‘being about 4,300 feet. The Green Rive 
Basin is mainly a plateau through which the streams flow in canons 
from 100 to 400 feet in depth. The plateau slopes from the northward. 
where its elevation is about 7,500 feet, toward the south, where it is about 
6,900 feet. There is also a slope on ’the west side toward Green River 
from the Meridian Ridge, Thompson Plateau, and the Wyoming Range. 


30 GS 


514 REPORT UNITED STATES GEOLOGICAL SURVEY. 


Besides the Green River and Thompson Plateaus, there are the Ham’s 
Fork Plateau and the Bear Lake th all of which will be hereafter 
described in detail. 

Mountains —The mountains of the district have in general the char- 
acter of short, isolated ranges. The Bear River Range, extending south 
from the Great Bend of Bear River, is the longest within our district 
(having a length of 60 miles), and stretches some distance south of our 
line to join the Wahsatch Range. The Wind River Range occupies a 
small portion of our area in the northeast corner. 

On the west side of Green River Basin are the Wyoming Mountains, 
and west of.them the Salt River Range. Although short, these are 
important ranges. The Wyoming Range ends at the head of La Barge 
Creek, but the line of uplift is continued southward in the Absaroka 
Ridges. The Salt River and Wyoming Ranges both have north and 
south trends. West of the Salt River Range we have no mountains until 
we reach the Portneuf Range. The northern end of the Preuss Range, 
it is true, extends northward between the east and -south forks of the | 
Blackfoot, but the mountainous character is here nearly lost. Besides 
this, there are only comparatively low ridges and isolated groups of 
. hills in the northern part of the district between the Salt River Range 
and the Portneuf Range. West of the Portneuf is a range to which 
we gave the name “ Bannack.” It extends southward, of very unequal 
height, to the head of the Malade Valley. Opposite the southern end 
of this range, at the head of Marsh Creek Valley, the Malade Range 
begins. This range consists really of two groups, the ends of which 
overlap each other. The southern one ends just north of the “‘ Gates” 
of Bear River, and on the south side, some distance from the river, is the 
northern end. of the Wahsatch Range. A few degrees south of east 
from the Portneuf Range is a group of hills, some “of which attain the 
dignity of mountains. They are north of Cache Valley, lying between 
Marsh Creek Valley and Bear River. They will be described as the 
southern extension of the Portneuf Range. 

On both the eastern and western edges of the Bear Lake Plateau 
erosion has removed the plateau character, and there are hills and ridges 
with north and south trends. This is more noticeable toward the north- 
ern end of the plateau. The hills on the east have been named the 
Boundary Hills, as the boundary line separating Wyoming and Idaho 
crosses them, following approximately their trend. 

Following the strike of the beds on the west side of the plateau, north- 
ward across Bear River, we find the ridges soon rising into a range, the 
culminating peaks of which are found in Mount Preuss and the neigh- 
boring mountains. Farther north the strike of the beds seems to turn 


3 somewhat to the westward, and a number of ridges branch from the 


range and are seen as spurs separating the branches of the Blackfoot 
River. 

North of Bear River Valley is Sublette Range, between Smith’s Fork 
and Thomas Fork. The strata composing these hills or mountains pass 
under Bear River Valley as we follow the strike southward. 

The western edge of the Ham’s Fork Plateauis bordered by a line of hills 
with a north and south trend. They stand on the east side of Rock 
Creek and die out to the northward, where a second range, that marks 
the west side of Rock Creek, becomes the most prominent. The latter 
range begins in a plateau- remnant in the an ele of Twin and Rock Creeks, 
and extends northward on the west side of Rock Creek and the east | 
side of Smith’s Fork, until it loses the character of a distinct range in 
the group of high mountains that connect the Salt River Range, the 
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Wyoming Range, and the Absaroka Ridge. This range really joins the 
latter, for the drainage of Smith’s Fork and Labarge Creek separates 
them both from the two ranges that lie to the northward. 

The mountains about the sources of the Labarge and Smith’s Fork 
are very irregular topographically. The drainage flows sometimes with 
the strike of the rocks and sometimes cuts across at right angles, so that 
there appears to be no system either in the drainage or the mountains, 
except that the strike of the rocks is approximately north and south, 
and where erosion has not worn down the beds the ranges have trends 
corresponding to this strike. 

With the exception of the Wind River Range, the mountains of the 
district belong to the Wahsatch system. 

Valleys—Owing to the isolated character of the mountain ranges, we 
have numerous valleys lying between them. In addition to the river 
valleys, or those due to the erosive action of the rivers, there are wider 
areas which correspond to the parks of Colorado. The impression made 
upon the mind as these broad valleys are seen from the mountains is 
that they must once have been occupied by lakes above which many of 
the smaller groups of mountains must have risen as island masses at 
least when the lakes were at their highest level. These valleys form 
some of the richest agricultural areas in the district. The principal ones 
are Ham’s Fork Basin, Salt River Valley, Bear River Valley, Bear Lake 
Valley, Soda Spring Valley, Hollow Hand, Basalt Valley, Upper Port- 
neut Valley, Lower Portneuf Valley, Marsh Creek Valley, Malade Valley, 
Cache Valley, and Gentile Valley. Of these Cache Valley is the most 
celebrated, having been settled many years ago by the Mormons. It is 
now well cultivated and has many flourishing towns. Bear Lake Valley 
is also comparatively well settled, although it does not appear to be as 
favorably adapted for agricultural purposes as Cache Valley. Basalt 
Valley and the “ Hollow Hand” are floored with basalt which came 
from craters that still exist in the region. All of these valleys will be 
treated of in detail in subsequent portions of this report and in the report 
of Mr. Gannett. 


GEOLOGICAL FORMATIONS. 


With the exception of the limited granitic areas along the western 
slopes of the Wind River Mountains in the northeastern corner of the 
district, and the prominent basaltic flows filling the valleys in the Black- 
foot and Upper Portneuf regions, the rocks of the district are sediment- 
ary. The following list gives all that are found in our district: 
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These will be considered in detail in the succeeding chapters, when 
the subdivision and thicknesses will be enumerated. 


CHA PME.R TL. 


ITINERARY. 
GREEN RIVER CITY TO GRANGER. 


The party took the field at Green River City, Wyo., June 1. The 
first month of the field season was occupied mainly with the survey of 
the drainage of Green River. The second day out from Green River 
City brought us into our district, and that evening the party camped 
at the mouth of the Big Sandy. Fording this shallow muddy stream 
on the third, the line of march was along its banks to the mouth of the 
Little Sandy. The next two days the Big Sandy was followed until we 
encamped on the 6th near where it emerges from the foothills of the 
Wind River Mountains. The Green River Basin, between the Big 
Sandy and Green River, has on some old maps been called the Great 
American or Colorado Desert. It is a broad almost unbroken expanse 
covered with sage (Artemisia) and grass. The prevailing formation is 
the Green River Group of the Tertiary, consisting of clays, sands, and — 
marls, which on Green River form bluffs a couple of hundred feet high 
and outcrop in lower bluffs on the Big Sandy. 

Our course so far was in general northerly. Reaching the foothills we 
skirted them travelling toward the northwest and crossing the various 
branches ‘of Green River that form the new fork. We reached Green 
River near our northern line at the mouth of Lead Creek on June 9. 
Two days later we forded the Green, which was rapidly rising. In a 
few more days we would have experienced some difficulty in crossing. 

The valleys on Green River, and its branches in the northeast corner 
of our district, are all broad and well grassed. There are large areas 
here suitable for agricultural purposes and larger areas valuable for graz- 
ing lands. The prevailing formation is the Wahsatch Group, which is 
exposed by the erosion of the overlying Green River Group. The Wah- 
satch bad-land beds rest on the granitic rocks of the Wind River Mount- 
ain foothills. The junction is generally obscured by morainal material 
from the mountains. In afew places, however, the Wahsatch strata are 
seen. They always incline gently from the mountains toward the Green 
River Basin, thus indicating a slight elevation of the mountains since 
the deposition of the beds. 

On the west side of Green River Basin the same beds are seen rising 
gently as we approach the hills that form the boundary of the basin on 
the west. The Wyoming Mountains form the boundary toward the north, 
but as we go south they die out and we have a series of parallel ridges 
that stand farther to the east. The rocks in the mountains are mainly 
Carboniferous limestones, but in the parallel ridges to the south we find 
Triassic, Jurassic, and Cretaceous rocks, the folding of which has caused 
the ridges. ; 

From the mouth of Lead Creek we travelled southward on the west 
side of the Green, crossing Horse, Marsh, White Clay, Bitteroot, Piney, 
Feather, and Labarge Creeks. Below the mouth of Marsh Creek the 
old Lander road from South Pass to Old Fort Hall crosses the Green. 
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VIEW IN THE GREEN RIVER BASIN. 


LOOKING WEST FROM GREEN RIVER TOWARDS GRANGER. 


PEALE.] ITINERARY 517 


We reached the mouth of Fontenelle Creek June 15. Here we found 
several ranches that seem to be in a flourishing condition. One of 
them furnishes butter for a number of the towns on the Union Pacific 
Railroad. The valley of Green River throughout most of this portion of 
its course is rather narrow and bordered with cation walls. There are, 
however, several expansions of the valley, especially at the mouth of La 
Barge Creek, and where White Clay, Bitter Root, and Piney Creeks join 
the Green. The latter of these creeks appears to have considerable 
alluvial land of good quality along its course. There is scarcely any 
limit to the grazing land in this vicinity, as the mesas are covered with 
bunch grass. A very fair wagon-road, a portion of which is the old emi- 
grant road, follows down the west side of Green River. 

Sublette’s road crosses Green River near the mouth of La Barge 
Creek, and erosses the Fontenelle about four miles above its mouth. It 
then bet . »way from Green River, going to the southwest, to the head 
of Crow Usk, one of the branches of Ham’s Fork. 

We followed the Fontenelle to the east side of the Meridian Ridge, 
which we crossed south of the Fontenelle Cafion, and then camped on 
the branch that comes through Absaroka Ridge, Between Meridian 
Ridge and Absaroka Ridge there are lines of hogbacks that extend 
north as far as La Barge Creek. These were named the Fontenelle 
Hogbacks. They also extend southward, but are not quite so marked, 
as the strata have not been so much eroded, owing to the fact that the 
fold becomes gentler in that direction, and the beds did not reach so 
great an elevation as they did farther north. 

From our camp on Fontenelle Creek we turned southward, west of 
Meridian Ridge, te Crow Creek, and then crossed to the head of Slate 
Creek. The latter stream was then followed to the Green. South of 
Slate Creek beds of Bridger age are seen, forming buttes that are the 
outliers of the Bridger areas that prevail so extensively farther south. 
From the mouth of Slate Creek we followed Green River to the ferry, 
where the road from South Pass crosses. From the ferry we turned 
southward, arriving at Granger Station, on the Union Pacific Railroad, 
on the 22d of June. The Bridger Group prevails between Green River 
and Granger, as is shown also on the map of the Green River Basin by 
the survey of the Fortieth Parallel. This area was outside of our dis- 
trict, and Granger was simply our first supply depot. 


GRANGER TO FORT HALL. 


Taking a month’s supply of provisions we started on our second trip 
June 24. Leaving Granger we followed up Ham’s Fork. The second 
day’s march brought us once more within the limits of the district. The 
valley of Ham’s Fork has abundant agricultural land of fine quality, and 
the neighboring hills are well grassed. The prevailing formation on both 
sides, from Granger to the first branch coming in from the north, is the 
Bridger Group. Above the creek just mentioned the river cuts a nar- 
row canon through beds of Green River Tertiary age. 

The road that follows Ham’s Fork is obliged to cross and recross the 
river several times, and as there are no bridges, the route is one that is 
used only after the spring floods. A trail, however, follows the north 
side, and this we utilized, following it through the canon which the 
stream cuts in its way across Oyster Ridge. Just as the stream enters 
this cafion, it turns at right angles to its former course. We forded the 
stream on the wagon-road just above the bend, and followed up the right 
bank until we reached the Sublette road, which comes across from Crow 
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Creek. After crossing Ham’s Fork this road ascends the plateau on the 

west side, and continues its course to the northwest, crossing Rock Creek 
and. following down a branch of Sublette’s Creek to the valley of Bear | 
River. At Smith’s Fork we left this valley and followed the latter stream 
to its head where the Lander road crosses it. Turning eastward we 
crossed via Thompson’s Pass to the east side of the mountains. The 
road keeps south of the southern end of the Wyoming and Salt River 
Ranges, crossing the high ridges which extend southward. Leaving 
Smith’s Fork the road follows for a short distance down Labarge Creek, 
but soon comes out on the head of Piney Creek at the north end of 
Thompson plateau. The eastern edge of this plateau marks the western 
limit of the Tertiary beds of the Green River Basin. North of the platean 
an anticlinal fold (Meridian Fold) in Cretaceous and, perhaps, older beds 
marks the limit for some distance. The streams from the mountains cut 
across this anticlinal in canons. The Thompson plateau is composed of 
Carboniferous rocks. As we proceed northward the Tertiary strata reach 
up nearly to the summit of the anticlinal, covering and concealing the 
eastern half. On the west, between the anticlinal “and the mountains, 
the drainage shows a tendency to north and south courses outside of the 
main valleys, which are east and west. At the head of the canon cut” 
across the anticlinal the streams are therefore found to have united. 
This is very marked in the case of Piney Creek, but is also shown in the 
streams farther north. The strata between the anticlinal and the mount- 
ains dip to the westward with, of course, north and south strikes, which, 
from erosion, gives a Series of low hogback ridges. The same right. 
angled arrangement is seen in the mountains, but to a lesser degree, 
and it is due to the fact that the Carboniferous limestones also dip to 
the west. We followed a trail, that was often very dim, from Piney 
Creek to Lake Creek, and thence across Bitterroot and Lander Creeks 
to Marsh Creek, keeping between the mountains and the anticlinal ridge 
already referr ed to. 

Reaching Marsh Creek, we found a large and well-marked Indian trail 
leading up the creek. We followed this trail to the head of the ereek 
and across McDougal’s Gap. The ascent to the pass is easy and grad- 
ual. The descent from the summit to the level of McDougal’s Creek 
is abrupt, and for some distance down the creek the trail is very steep 
and rocky, with some very heavy grades. The cafion of McDougal 
Creek is narrow throughout its entire length, having no alluvial bottoms 
until the valley of J: ohn Day’s River is reached. The latter stream sep- 
arates the Wyoming Range from the Salt River Range. Both ranges are 
full of first-class mountain peaks. From the mouth of McDougal’s Creek 
we went up John Day’s River until we were opposite Wyoming Peak. 
After making a station on this peak we retraced our steps to the mouth 
of Sickle Creek, which comes into the river nearly opposite McDougal’s 
Creek. The valley of John Day’s River is cation- like thr oughout almost 
its entire length, and it is well timbered with pme and spruce. |The 
largest area of bottom land is just abovethe mouth of McDou gal’s Creek, 
where an island widens the river. 

We followed Sickle Creek to its head at McDougal’s Pass. On the 
west side of the pass we found a huge snow-bank filling the gorge at the 
head of Glacier Creek. Several of the side gulches farther down were 
also found to be filled with snow-banks. The trail down the creek is 
rough. Not only is it very rocky, but it is also much obstructed. by tim- 
ber. The Salt River range is composed largely of Carboniferous rocks. 
The change as we emerge from the gloomy cation of Glacier Creek and 
come out into the broad. valley of Salt River is striking. 
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The valley of Salt River is admirably adapted for grazing purposes, 
being covered with an abundant growth of bunch-grass. The surface of 
the valley is covered with drift derived from the mountains, and this drift 
appears to be made up largely of coarse pebbles, which would perhaps 
. interfere somewhat with the use of the land for agricultural purposes. 
On the river bottom, however, the land is of an excellent quality. We 
traveled southward in the valley, making stations on the peaks of the 
range. We forded Salt River above the mouth of Crow Creek, and 
crossing once more the Lander road, followed an Indian trail up the 
creek. The hills west of Salt River are high and broken, with a ten- 
dency to form parallel ridges, between which there are broad valleys. 
After working the country between Crow Creek and Beaver Creek, we 
turned northward through one of the broad valleys just referred to, fol- 
lowing down the south fork of Smoking Creek, which joins the main 
stream near the old Salt-Works, which are now deserted. Here again we 
came upon the Lander road. We now followed it over into the valley 
ot John Gray’s Lake. After making stations in theisolated hills south of 
this marshy lake, we once more abandoned the road and followed down the 
Blackfoot. The course of the Blackfoot is very winding through a basalt- 
covered plain. Bordering it are numerous craters and volcanic buttes, 
_ and frequently the stream cuts cafions in the basaltic layer, and from 
these often emerges into broad meadows and marshy areas. ‘The river 
describes a semicircle, and Lander’s road, which we left at the head of 
the stream, follows what might be called the diameter of this semicircle, 
so that by following the river we once more reached the road, this time 
at the ford of the Blackfoot. Near here we noticed large droves of 
cattle, which were being driven eastward. The valley of the Blackfoot 
formed an excellent resting-place, well suited, as it is, for grazing pur- 
poses. From the ford we traveled eastward on the road to the head of 
Ross’s Fork. 

After making a station on Mount Putnam, we crossed back again to 
the head of the Portneuf and skirted the east side of the hills south of 
Putnam until we reached the point where the river leaves the Upper 
Portneuf Valley. From this point the Portneuf was followed to the 
Snake River Plain. Basalt was found extending through the upper 
canon and in the lower valley almost to the plain. Above the lower 
canon the basalt forms a table between the Portneuf and Marsh Creek. 


FORT HALL TO FRANKLIN. 


We reached Fort Hall on the 6th of August, thus completing our sec- 
ond trip. A few days were spent in refitting the outfit. Every facility 
was afforded us by Captain Bainbridge and Lieutenant Hall. Having 
taken up our supplies that were awaiting us, we started on our third. 
trip, which was to end at Franklin, in Idaho, where our next supply depot 
was located. 

From Fort Hall we proceeded southward up Lincoln Valley and across 
to the Upper Portneuf Valley, crossing the route taken before going to 
Fort Hall. The mass of hills south of the Portneuf Cafon were next 
examined, and we then turned eastward to Soda Springs. At the latter 
place several days were spent in the examination of the interesting group 
of springs located there, and in the determination of the geology and to- 
pography of the surrounding country. 

The bend of Bear River at Soda Springs is one of the most remarkable 
features in the whole district. The divide between Bear River and the 
Upper Portneuf is a basalt plain, which seems to have had its souree 
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partly in craters in the Blackfoot Valley, and partly in some craters just 
north of the bend, where the Bear passes out into the valley. The north 
end of the Bear River Mountains terminates in Sheep Rock. North of 
the bend the mountains consist of isolated hills and ridges of Carbonif- 
’ erous and Jurassic rocks with basalt-covered valleys between them. Car- 

boniferous and Jurassic rocks also occur east and northeast of the bend, 

and in this region there are several interesting folds. From Soda Springs 
we followed up Bear River, passing through Georgetown, Bennington, 
and Montpelier. 

Above Bennington the valley of Bear River is wide, and, as the lake 
is approached, becomes flat and marshy. This portion of the valley is 
well settled, and the farmers appear to be doing well. The great objec- 
tion appears to be the elevation of the valley, which is probably the cause 
of the frosts late in the spring and early in the fall. This portion of the 
valley is, however, better off in this respect than the Upper Bear River 
Valley. In the latter, near the mouth of Smith’s Fork, about July 1, 
when we were there, there were heavy frosts nearly every night. In 
order to keep cattle successfully through the winter, one of the: farmers 
living in the settlement at the mouth of Smith’s Fork told me it requires 
them to put up one and a half tons per head. He also informed me that 
the weather we were then experiencing was exceptional. All these val- 
leys, however, are excellent summer ranges. Near Montpelier, and on 
the west side of Bear Lake, the crops of wheat were large and the settle- 
ments all seemed to be in a prosperous condition. At one place I was 
Shown some apples that grew there in 1877, but fruit crops in this region 
are generally understood to be precarious. 

At the south end of Bear Marsh, Bear River emerges from the marsh 
into which it entered after coming from a cation a few miles north of 
Bear Lake. This cafion begins a short distance below Thomas Fork. 
Sublette’s road, which we had been following from Soda Springs, crosses 
the hills north of the callon, sometimes coming down to the river’s edge. 
At several points there are broad alluvial bottoms, especially as the 
mouth of Thomas Fork is approached. Between Thomas Fork and 
Smith’s Fork the valley narrows, but south of the latter again expands. 
Beyond the alluvial bottom, which immediately borders the river, there 
is a wide drift-covered valley, bordered on the east by hills which soon 
develop into mountains toward the north. Formations from the Carbon- 
iferous to the Wasatch Tertiary are represented, the latter resting on the 
upturned edges of the older rocks near. the south line of the district. On 
the west side, also, the same unconformability is noticed, the variegated 
sandstones and conglomerates extending farther to the nor th than on the 
east, and forming the Bear Lake Plateau, which is really the northern 
extension of the ‘eastern side of the Bear River Platéan mapped by the 

survey of the fortieth parallel. On the west side of the plateau, erosion 
‘has left a range of hills that are about 1,500 feet above the level of the 
lake. There is a steep descent to the edge of the lake which leaves but 
a narrow beach margin. We crossed the Bear Lake Plateau a few miles 
north of our south line, reaching the south end of Bear Lake at Lake 
Town. The western shore of the lake was then followed and the eastern 
edge of the Bear River Mountains worked up. West of Paris, a town 
a few miles northwest of the lake, we crossed the Bear River Range to 
the head of Mink Creek, a branch of Bear River. 

The Bear River Mountains are composed of Silurian and Carbonifstons : 
rocks, mainly quartzites and limestones. Between Bear Lake and 
Cache Valley there is a rather broad synclinal fold complicated by 
secondary folds, and this has resulted in breaking the Bear River Moun- 
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tains into two subranges, which are especially well marked toward the 
southern part of the district. 

Facing Bear Lake Valley the mountains are not very rugged, and al- 
though the peaks are high, the ascent to them is comparatively gradual. 
The western side of the fold is the highest, forming the peaks that over- 
look Cache Valley. The basset edges of the strata face the west and 
give the range an extremely rugged face. The mountains are steep 
and rise abruptly from the valley. The cations from which the numerous 
streams emerge into the valley are very picturesque, and, what is of far 
more importance to the settlers, furnish ample supplies of timber, build- 
ing-stone, and lime. Numerous saw-mills and lime-kilns have been 
erected in nearly all the cations. 

While at the head of Mink Creek a day’s trip was made into Gentile 
Valley, a valley well adapted for agricultural purposes, extending from 
the canon of Bear River northward to the southern limits of the basaltic 
flow that fills Basalt Valley and through which Bear River cuts a canon 
several hundred feet deep. 

There are a number of ranches in Gentile Valley, and all seem to be 
in a flourishing condition. 


FRANKLIN TO OGDEN. 


Ou the 6th of September we reached Franklin, our third and last 
supply depot for the season. Delaying only long enough to get our 
supplies, we continued southward along the east side of Cache Valley 
to the mouth of Logan Cafion. After making a station at the forks of 
Logan River in the cafion, we crossed to the west side of the valley and 
turned northward along the east side of the Malade Range to Red Rek 
Pass, through which we crossed to Marsh Creek Valley. From the latter 
we again turned southward into Malade Valley, with which our season’s 
work ended. 

There is no doubt,as Dr. Hayden pointed out, in his reports for 1870 
and 1871,* that all these valleys were once filled by lakes. These lakes 
were connected. Cache Valley, Malade Valley, Marsh Valley, and 
Basalt Valley were all occupied by lakes which appear to have ‘“ com- 
meneced in the Pliocene epoch and continued on up to the present time.” 
A view of these valleys obtained from one of the numerous peaks over- 
looking them renders their relation to each other very apparent. The 
isolated hills forming the Malade Range are seen to have formed islands 
that. rose above the waters of the old lake. The modern Tertiary de- 
posits are seen jutting against the older formations that enter into the 
structure of the mountains, and these Tertiary rocks seem to pass by 
gradation into the more modern deposits found in the central portions 
of the valleys. The clays and sands of these recent deposits are well 
exposed along Bear River in the northern part of Cache Valley. The 
further consideration of these lake basins will have to be left for a sub- 
sequent chapter. 

From the Malade Valley our course was southward along the western 
base of the Wahsatch Range to Ogden, at which point the party was 
disbanded for the season. 

The party was in the field one hundred and twenty-two days, during 
which time seventy-two camps were made, and over thirteen hundred 
miles traveled by the pack-train. The amount of traveling done by 
the scientific corps is very much larger, being generally from two to 


*Report U. S. Geol. Survey for 1871, 1872, p. 20. 
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three times as much. The total number of stations made was 346, and 

the area surveyed, as already stated, was 13,000 square miles. 

_ In this chapter ‘I have endeavored to give a general idea of the dis- 
trict, and in the succeeding ones will present the details obtained, and 

conclude with the special consideration of the geological for mations 

noted as occurring in the district. 

From the fact that the area examined was so large the results are 
somewhat incomplete in detail, the general features claiming attention 
first. The plan of working with the topographer from the high stations 
from which extensive views of the country are obtained, and of general- 
izing from these stations the more detailed data obtained along the line 
of march, and using the topographical locations, insures greater aceu- 
racy and rapidity in the work than could be obtained were the geologist 
to devote his time to detailed work in the ravines and gulches, especially 
in a country of which there are no existing maps that are sufficiently 
correct to delineate the geology. The nature of the country also facili- 
tates this mode of working, as it is generally bare of dense timber, the 
vegetation being scanty and erosion having so exposed the rocks that 
the conditions of the strata are easily seen, “and the geological structure 
of the country for many miles around the station readily recognized. 

The geological map is therefore colored with a considerable degree of 
accuracy, although much may be left for future investigation in the way 
of detail, as the geologist is necessarily unable to visit every point in 
his district, notwithstanding the fact that he has overlooked his entire 
area from the stations. 


CHAPTER. 111. 


DESCRIPTIVE GEOLOGY—GREEN RIVER DRAINAGE AREA. 


GREEN RIVER BASIN—WIND RIVER MOUNTAINS—OYSTER RIDGE—HAW’S 
FORK BASIN—HAWM’S FORK PLATEAU—ABSAROKA RIDGE—MERIDIAN 
RIDGE—FONTENELLE HOGBACKS—MERIDIONAL VALLEY—WYOMING 
RANGE. 


The present chapter will be devoted to the description of the Green 
River Basin, or rather to that portion of it which falls within the limits 
of our district, 7. ¢., the northern and western portion, and the western 
boundaries. So uniform, however, are the conditions of the geological 
strata and the structure of the basin, that the description of one part 
naturally gives a good idea of the whole. 


GREEN RIVER BASIN. 


The Green River Basin is an elevated plain, or plateau, extending 
northward from the Uintah Mountains to the Wind River and Gros Ventre 
Ranges, and reaching eastward from the others of the Wahsatch system 
until it becomes merged in the Laramie plains, which extend westward 
from the uplifts of the Rocky Mountain system. Thus we see that the 
northern, southern, and western boundaries are well defined, while on 
the east an arbitrary line must be assumed. That portion of the basin 
lying within our district extends southward to about the latitude of the 
mouth of the Big Sandy and north to that of the mouth of Lead Creek. 
The eastern line is approximately the Big Sandy River and on the west 
the Absaroka Ridges and the Wyoming Mountains. With the Ham’s 
Fork Basin it includes an area of more than 5,200 square miles. 

The elevation of the basin is from 6,000 feet to 7,000 feet. The general 
level between the Big Sandy and the Green is about 6,500 feet, and this 
is very uniform, although the surface is considerably eroded in places. 
The streams are generally in cafions or cation-valleys a couple of hundred 
feet below the general level. On the west the country rises somewhat 
as the mountains are approached, and the same is true as we approach 
the Wind River Mountains. Geologically considered, the basin is Ter- 
tiary, the Green River Group prevailing. In the centre of the basin 
the strata appear to be horizontal, but as the edges are approached the 
beds are seen inelining towards the central part of the basin, showing 
that an elevation took place after the deposition of the Tertiary beds 

‘that now form an undisturbed succession in the centre of this ancient 
Lake Basin. 

The accompanying illustration gives a good general idea of the ap- 
pearance of the basin, showing especially the effects of erosion, which 
are more marked towards the south. Between the Big Sandy and Green 
River the surface is much more level, as we have already said. Early 
in the summer, when the surrounding mountains are still snow-covered, 
the scenery possesses great beauty. Dr. Hayden, speaking of the Wind 
River Mountains as seen from the Big Sandy, in 1870, says:* “As the 


* Report U.S. Geol. Surv. Terr., 1870, 1871, p. 46. se 
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Or 


morning sun shone on them and seattered the mist and smoke from their 
summits, they seemed not far distant, and loomed up along the horizon 
with a sharp, clear outline that rendered the view most grand and im- 
posing. Fremont’s and Snow Peaks were clearly defined, and the series 

of sharp peaks that project from the main ridge seemed to diminish in 
height far toward the sources of Green River. In no country in the 
world, it seems to me, can such a comprehensive view be presented to 
the eye at a glance as at this point, where it can take in one of the loft- 
iest of the ranges which form the main chain of the Rocky Mountains, 
stretching along the horizon for at least one hundred and fifty miles.” 
Fremont, in his report, speaks in glowing terms of the Wind River Mount- 
ains, and compares the scenery to the finest in Europe. 


7 


WIND RIVER MOUNTAINS. 


The Wind River Mountains properly fall within the district assigned 
the Sweetwater Division, and will be fully treated of in Dr. Endlich’s 
report. Still, as our division skirted the western foothills of the mount- 
ains, there are several points that ought to be referred to here. 

(Professor Comstock, on his geological map, has colored a series of 
formations from the Potsdam sandstone to the Carboniferous, (Coal 
Measures) inclusive, as outcropping on the west side of the mountains 
between the head of the Big Sandy and Union Pass. As our party 
skirted the edge of the mountains as far north as the heads of the New 
Forks of the Green, we are prepared to say that in this distance the 
Wahsatch Group of the Tertiary is superimposed to the granite, the 
junction being frequently conceaied by moraines. These latter will be 
described by Dr. Endlich, who traced them from the mountains to the 
basin. Outside of the foothills there are several granitic buttes, Fre- 
mont’s being the largest, which seem to have risen above the lake as 
islands. 

The fact that the older formations do not outcrop on the southwest or 
west side of the mountains was noted by Dr. Hayden in 1870. In the 
report for that year he says: “I could not ascertain that any of the 
older sedimentary rocks are exposed along the western side of this 
range, from the South Pass to the sources of Green River. Ridges of 
the Lower Miocene Tertiary strata along the western limit of the meta- 
morphic rocks form an unmistakable shore-line of the ancient lake. 
Between this shore-line and the foothills of the mountains is a belt of 
metamorphic slates and gneiss, covered here and there with Pliocene 
marls.” Our investigations confirm the absence of the older sedimentary 
rocks. The Pliocene marls referred to do not extend as far as our dis- 
trict. Dr. Endlich will treat of their occurrence near South Pass. 

The shore-line of the ancient lake was undoubtedly granitic, as is shown 
by the character of the deposits. The older formations probably occur 
in the central. portions of the basin, where they are concealed by the 
Tertiary strata. The Wind River Range belongs to the same system as 
the Front Range of Colorado, and probably like it stood above the 
level of the water in very early time. I have in other places indicated 
my belief that the Rocky Mountains of Colorado were affected by a 
subsidence extending through along period of time, and I think it prob- 
able that the Wind River Range partook of the same movement, and 
that its present elevation is due to an elevation in Post-Cretaceous time. 
Dr. Hayden was inclined to consider the Sweetwater Valley an extension 
to the east or southeast of the axis of the Wind River Range. If so, it 
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marks the connection with the ranges of Colorado and Eastern Wyo- 
ming. The further discussion of this question will have to be reserved 
for a subsequent portion of the report. 


DRAINAGE. 


The main stream by which the Green River Basin is drained is the 
stream from which it takes it name. In considering the drainage, I shall 
take up the eastern branches of Green River fir st, and give the general 
geological notes obtained while following the streams, leaving the topo- 
graphical details to be given in Mr. Gamnett’s report. 

Big Sandy.—The Big. Sandy River joins the Green near our south- 
eastern corner and forms approximately the eastern line of our district. 
On the east side, in the angle between it and Green River, the beds are 
variegated sands and marls, generally of gray and dull reddish colors. 
These beds form bluffs on the Green a short distance below the: mouth 
of the Big Sandy, and were referred doubtfully to the Bridger Group, 

They appear to be mainly arenaceous and argillaceous, and may repre- 
sent the base of the Bridger Group, although the point is hard to deter- 
mine, as the line between the Green River Group and the Bridger Group 
is somewhat indefinite. Professor Cope considered them of Bridger age,* 
and they are also so colored on the map of the fortieth parallel sur- 
vey.t These beds extend northward and eastward, and contain frag- 
ments of vertebrate remains. We travelled northward on the west side 
of the Big Sandy, and the area extending westward I have colored on 
the map as occupied by the Green River Group. The exposures on the 
east side of the Green at the mouth of Fontenelle Creek and northward in- 
dicate this to be the surface formation. Toward the south, and especially 
in the angle between the Green and Big Sandy, there may be remnants 
of the Bridger beds. This region affords but few outerops, and is mainly 
a desert- like sage-covered plateau. Desolate and barren as it appears, 
if it could be irrigated it would doubtless produce all the crops permitted 
by the altitude, for its soil contains more numerous elements of fertility 
than many regions of the West that have been found to be highly pro- 
ductive. The country is not to be condemned because it has the appear- 
ance of a desert waste, and produces only cactus and sage brush pro- 
ducts which afford but little indication of the character of the soil. A 
number of desert localities, Salt Lake Valley particularly, have afforded 
proof of the fertility of what was at first considered barren land. This 
area, extending westward to the Green from the Big Sandy, is a broad, 
almost unbroken expanse, on which there is a considerable growth of 
grass scattered among the sage. The area is covered also ‘partly by 
drift, which conceals the the strata. 

At the mouth of the Little Sandy the following section was obtained: 


Section No. 1. 
Top. 
1. Brownish gray, rather coarse sandstone, with pebbly layers, containing 
fragments of shark’s teeth and Goniobasis tener Mayblalliqe sets don. n15358 S 
2. Coarse, yellowish sandstone. .-....-. .-..-.--- ...- »50 feet. 
3 Ee ig argillaceous shales, with fragments of broken wood and shark’s 
teet Nae pees fl AR OL A es a OO a ee 


*Report of U. 8. Geol. Survey for 1873, 1874, p. 439. 
t Atlas map II, Green River Basin. 
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These beds I have referred. to the Green River Group. They are ex- 
posed on the right bank of the Big Sandy, just above the mouth of the 
Little Sandy. ‘The course of the Big Sandy from this point to the Green 
is south and southwest. It is in a low cafion without bottom-land or 
groves, and is a shallow, rather sluggish stream, with a sandy bottom. 
The rocks between the Big and Little Sandy are probably the same as 
those given in the section above. Farther east, however, there are 
higher beds which form high table-like buttes, resembling Pilot Butte, 
that forms so prominent a landmark farther south. 

As we approach the mountains the valley of the Big Sandy improves 
somewhat. Itis wider and has better grass, but the surrounding country 
is still sage-covered and monotonous. Variegated beds are seen resting 
on the granite. The following is a section made between camps 4 and 5: 


Section No. 2. 


Base. 
1, Greenish gray and pinkish arenaceous bad-land beds .... - -- jabs 100 feet. 
2. Yellowish marls? and sands -..-.- 200—300 feet. 


3. White sandstones, shales and marls? with variegated “argilla- 
ceous and arenaceous beds at the top. These were noted from 
ab CHAIRING) Gadede mee one Tees oa hood pole ooo cdo caeoonou seam ceocc 2 


300 + — 400 + feet. 


The strata incline about five degrees from the mountains and are prob- 
ably of the Wahsateh Group, although the upper layers resemble the 
lower beds of the Green River Group. These Wahsatch sands rest di- 
rectly on granitic rocks, as already stated. The sources of the Big Sandy 
are in the district surveyed by the Sweetwater division, and will be 
found deseribed in. Dr. Endlich’s report. 

New Fork of Green River.—On the southwestern slopes of the Wind 
River Mountains and in the adjacent foot-hills a number of beautiful 
clear streams have their sources. These streams are all swift and ob- 
structed by bowlders. Along their courses are abundant evidences of 
glacial action, and long moraines extend from the mountains bordering 
them as far as the edge of the basin. Glacial lakes also are numerous. 
The creeks after emerging from the foot-hills form the New Fork of 
Green River before joining the main stream. Our work during the 
season did not extend into the foot-hills, so that the description of the 
moraines and other glacial phenomena will have to be reserved for an- 
other report. The region through which the branches of the New Fork 
flow may be described asa “bad-land” country. This is owing to the fact 
that the rocks are mainly of Wahsatch age, especially those close to the 
mountains. As we leave the hills, cappings of Green River shales ap- 
pear. There is good grass throughout, and antelope were abundant 
when we went through the country in June. Some of the valleys are 
broad and well suited for agricultural purposes, were it not for the great 
elevation. Willows are found along the streams, but timber is scarce 
outside of the foot-hills. The stream bottoms are very marshy and the 
creeks obstructed by beaver-dams. The northern rim of the Green 
River Basin is beyond the limits of our district and will be the field for 
investigation in 1878, and to the report for that year, when published, 
the reader will have to refer for additional information in regard to the 
sources of the New Fork of Green River. 

Green River.—Green River has a length of about 116 miles in our dis- 
trict. In the northern portion of the basin beyond our district the rocks 
are of Wahsatch age along the course of the river. Below the mouth 
of Lead Creek, Green River beds are seen capping mesa-like buttes. As 
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far as Labarge Creek, however, the Wahsatch Group forms the largest 
part of the surface west of Green River. There is a dip to the eastward, 
so that on the east side of the Green the Green River beds form the top 
of the bluffs. The Wahsatch beds disappear a short distance below the 
mouth of Labarge Creek and from that point southward the caifion is 
in the Green River beds. This is due to the fact that the beds incline 
slightly to the southward and eastward, and the direction of the Green 
is also in general towards the southeast in this portion of its course. 
North of the Fontenelle the general course of the Green is south. There 
are two deviations from this; one is to the eastward in the valley where 
it is joined by Horse Creek, and the other is a bend to the westward, 
above the mouth of White Clay Creek. On the east, bluffs extend 
along the entire course of the river, but the western wallis broken down 
wherever a stream enters. The valley bordering the river is always 
narrow and generally caiion-like. Its agricultural capacity will be fully 
discussed by Mr. Gannett in his report. 

The streams coming into the Green from the west, commencing at the 
north, are as follows: Lead Creek, Horse Creek, Marsh Creek, White. 
Clay Creek, Bitterroot Creek, Piney Creek, Feather Creek, Labarge - 
Creek, Fontenelle Creek, Slate Creek, and Ham’s Fork. I shall take 
these up in the order given above, reserving the description of their 
sources until I consider separately the ranges in which they rise. 

Lead Oreek.—Only the mouth of this stream falls within the limits of 
our district. North of this creek the country appears to be well grassed, 
and when we were in there was full of antelope. Between Lead Creek 
and Green River is a butte about 400 feet high. Yellow sandstones 
outcrop low down in this butte and on the edge of Green River, but 
whether they are of the Green River Group or Wahsatch it is almost 
impossible to say. A little farther south the character of the Wahsatch 
beds appears to resemble that of the lower part of the Green River 
Group. On the map I have colored the Green River Group as capping 
the summit of the butte on which Station 12 is located. It, however, 
extends westward but a short distance, the Wahsatch beds soon forming 
the surface and rising on the hills that lie to the eastward of the Wyom- 
ing Range. The country between Lead Creek and Horse Creek is com- 
paratively flat, with a slight slope from the hills toward the east. : 

Horse Creek.—This stream does not extend into the Wyoming Range, 
but has its origin among the high hills that lie to the eastward of its 
northern end. These hills are composed mainly of greenish and yellow 
sandstones that are of probable Laramie age, and on these beds rest un- 
conformably the variegated conglomerates and sands of the Wahsatch. 
Between the hills and the mountains is a rough-like depression, from 
which on the west rises the bluff face of the Wyoming Range. Horse 
Creek is formed by two principal branches, to the southern of which we 
gave the name of Lynx Creek. Both streams have very straight eastern 
courses, and until they reach the Green River Basin proper are in cation. 
These cafons are cut across a series of folds in the Laramie (?) sandstones 
and underlying beds. One of our stations, No. 50, was between the forks 
of Lynx Creek. It was on one of the several buttes that are capped 
with a conglomerate considered to be a part of the Wahsatch Group. 
This conglomerate is composed of rather fine quartz, the pebbles and 
larger masses of limestone, the latter containing traces of Carbonifer- 
ous (?) fossils. The pebbles are angular, and were evidently derived 
from the range that rises to the westward. The inclination of the beds 
is to the eastward, and.on some of the neighboring buttes the angle is 
as high as 20°. The sandstones on which these conglomerates rest, dip 
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slightly toward the west, the dip increasing somewhat near the range. 


Soon after crossing the western rim of the. Green River Basin the vO. 


branches unite, and afew miles below are joined by a small branch com- 


ing from the north, when a more southerly direction is assumed, and the 


- creek flows out into a broad valley, in which it is side by side with the 


Green, and finally, to use an anatomical texm which exactly deseribes 
it, jos the latter by: anastomosis. There are at least five islands formed 
by the two streams in the lower end of the broad valley. This valley 
forms one of the finest meadow areas on the Green, with a few groves 
of cottonwoods. The Green enters the valley flowing south, and near 
the southern end turns abruptly eastward, leaving it ‘to flow southward 
into a canon-like valley that extends to the mouth of Piney Creek. East 
of Green River are low bluffs of variegated Wahsatch beds, and farther 
back high terraces or remnants of terraces appear capped by the white 
beds of the Green River Group. Horse Creek hugs the blutis on the 
west side of the valley, and between the creek and Marsh Creek an 
area of Green River beds extends westward toward the hills. Nearer 
Green River, however, the surface is much eroded, and all that remains 
- of the Green River Group i is to be seen as cappings of a few isolated 
buttes. The gray, greenish, and red marls and sands of the Wahsatch 
are the prevailing rocks. These are eroded into rounded hills covered 
with loose drift in places composed of pebbles of quartzite, reddish sand- 
stones, and occasionally fragments of limestones, all evidently derived 
from the surrounding mountains, especially those to the west and north. 

Station 13 is located about 3 miles south of Horse Creek and a little 
over 2 miles west of Green River. The summit is composed of a thin 
layer of hard white limestone, the upper surface of which is covered 
with petrified cases of caddis-flies which have been described by Prof. 
S. H. Seudder.* Below the limestone is a gray and yellow micaceous 
sandstone loosely aggregated. Still farther down are soft gray and 
pink beds that weather into bad-lands. The outcrop is about 100 to 150 
feet. The country between Horse Creek and Marsh Creek is a ‘“‘ bad-land” 
country covered with sage-brush. Along the small creek that oceupies 
the depression between Horse Creek and Marsh Creek there are numer- 
ous alkali flats. 

Marsh Creek is one of the largest of the western branches of the Green, 
and is formed by two streams of about equal importance. The northern, 
to which the name Marsh Creek has been applied, collects its water from 
the Meridional Valley between the mountains and the line of uplift 
that forms the western rim of the basin. The Southern Branch rises 
among the Carboniferous limestones of the Wyoming Range and cuts 
across the Meridional Valley, receiving a branch from the south, and 
with an easterly course flows out into the basin through a cafion cut in 
an anticlinal of Jurassic? limestones. On these limestones the yarie- 
gated Wahsatch beds are seen dipping unconformably to the eastward. 
This creek has been named Lander Creek. It joms the main stream 
about 12 miles from the rim formed by meridian fold, and from this 
point to the Green, Marsh Creek is in a broad valley lined with willows. 
All the streams in the basin are conspicuous for their want of timber. 
Between Marsh Creek and the Bitterroot, ‘“bad-lands” prevail. On the 
eastern slope of the basin rim White Clan y Creek rises and flows parallel 
to Marsh Creek, only a mile or two miles from it. Instead of cutting 
across to the Green as Marsh Creek does, it turns abruptly southward 


through a depression to join the river near the mouth of Bitterroot 


* Bulletin U. 8. Geol. Surv., vol. iv, No."2, p. 543. 
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Creek. Station 14 is located on a butte north of the angle. The fol- 
lowing is the section at that point: 


Section No. 3. 
Top. 

3. Greenish-gray argillaceous sands with bands of yellow sandstones. Near 

the top is a band of limestones. At the bottom are drak-gray sand- 

stones, weathering into rounded masses that lie scattered about, re- } 200 feet. 

RUPP T PE MING SOU CN i= = ferace non Soke aacei- bisa slb hoes ccidiantaemabe sos « 
PSD -OTay ANG PINK MATIG Te. - 5p jo0c can ens mes on nicnt ance en sace cares 
1. Dull brick-red sands and clays with gray sandstones ..............2-.-. 40 feet. 


240 feet. 


The thickness of these beds was measured with an aneroid barometer. 
The upper sandstones I have colored as belonging to the Green River 
Group, and the lower beds as the upper part of the Wahsatch. They 
weather into characteristic bad-land buttes. To the westward, I think, 
the Green River beds are in place, and, as seen from the basin rim, pre- 
sent a bluff edge facing the rim. Between White Clay Creek and the 
Bitterroot there appears to be a dip to the northeast or north, probably 
on account of the Carboniferous islands on Feather Creek. Between 
White Clay and the Green the country is mesa-like, capped with Green 
River sandstones. This is the result of a northern dip near the mouth 
of the Piney. In the eaiion-like valley east of this mesa the Green is 
joined by the New Fork, which seems to change the course of the river 
to the west, so that it comes back to a point about due south of its course 
before it is shoved to the eastward by Horse Creek. This will be more 
readily understood by a reference to the map. On the east side of the 
Green below the mouth of the New Fork, and extending up the latter 
Stream, are high bluffs capped with Green River shales with bad-land 
beds beneath. The capping beds form the surface extending eastward 
toward the Big Sandy. On the west the bluffs are also well marked, 
although not so high. Yellow and gray sandstones form the top, with 
the pink and red beds beneath. As the Green emerges from this cation 
it is joined by White Clay Creek, and within a half a mile below by 
the Bitterroot and the Piney. They join the Green in a wide valley. 
The White Clay is a thick, white, muddy, alkaline stream in which the 
water is unfit for drinking. — 

Bitterroot Creek is a good-sized clear stream of pure water, rising in 
the Wyoming Range, and the Meridional Valley, so frequently referred to. 
Its general course is southeast through a country of rather uniform level. 
South of the stream are several isolated buttes of Green River beds. 

Piney Creek drains a larger area of country, north and south, than any 
of the creeks yet described. Its branches fan out in the country ex- 
tending northward from Thompson Plateau to a point several miles 
north of Wyoming Peak. The branch rising in the country adjacent 
Wyoming Peak and Mount Darby has been named the Lake Branch, 
from a beautiful lake, about a mile and a half in length, that lies between 
Mount Darby and Wyoming Peak. The Southern Branch heads opposite 
the sources of John Day’s River. There is a smaller Middle Branch ris- 
ing in the eastern peaks of the range. All the branches have united 
in one good-sized stream at a point about 12 miles above the mouth. 
This point is at the northeast corner of a well-marked mesa of Green 
River shales and sandstones. This mesa extends about five miles to 
the eastward, and is a remnant showing that once the formation ex- 
tended over all of this region. From Labarge Creek northward erosion 

d4GS 
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has been extensive, the Wyoming Range probably furnishing a great 
part of the water causing it. Farther south, where the mountains have 
diminished to hills, the covering of Green River beds still remains. 
Another reason is to be found in the fact that the greater elevation of 
the beds on the northern portion of the basin has exposed them more to 
the eroding influences. 

From the junction of its forming branches Piney Creek flows almost 
due east to the Green. It splits into several streams near the river. 
The valley in which this creek and the Bitterroot flow side by side is 
one of the best along the Green. Its elevation is about 6,800 feet, being 
about 350 feet lower than the valley at the mouth of Horse Creek. Sevy- 
eral ranches have been started on the Pineys, as the branching mouth 
of the Piney has been called. The old Lander cut-off road, which crosses 
Green River above the mouth of the New Fork, crosses the country 
between White Clay and Piney Creeks, and follows up the latter to 
Thompson’s Pass, from which it crosses to the head of Labarge Creek, 
and thence to the head of one of the branches of Smith’s Fork of Bear 
River. 

Feather Creek.—Nine or ten miles below the mouth of the Piney, a 
small, dry creek bedis crossed. Followed up, this creek is seen to spread 
out feather-like on the slopes reaching eastward from Thompson Plateau. 
Hence itsname. The upper branches contain water which extends some 
distance down the main creek. It has two main stems between which 
is a V-shaped mesa of Green River beds. West of this mesa is a hill 
of Carboniferous rocks surrounded by Wahsatch beds. This Carbonif- 
erous island was not visited, but is doubtless similar to the one just 
south of it known as Labarge Mountain. On the latter two stations 
were made, viz, Nos. 19 and 20. These stations are located ona long hill 
or mountain that forms a rather prominent landmark as we come down 
the valley of the Green. It is about 5 miles long, and composed of Car- 
boniferous limestones, dipping about 25° to north 73° west. The trend 
. of the mountain is about south 17° west. Station 19 was located at. the 
. north end, and Station 20 at the south end. The outcrop of limestones 
to the east of Station 19 is about 400 or 450 feet in thickness. The 
valley between the station, and the mesa is about 1,200 feet to 1,400 
feet below the stations and 600 to 800 feet below the mesa top. The 
mesa just referred to is a mesa extending along the south side of 
Feather Creek toward Green River. This mesa is capped with the 
lower part (?) of the Green River Group, and slopes at an angle of 
5° to 10° from Labarge Mountain toward Green River. ‘The gap 
between the mountain and the mesa was not visited from want of time, 
‘but should be examined before the region can be fully described. 
It is probably filled with Wahsatch beds, judging from what could be 
seen from the summit of the mountain. If the latter is the remnant 
(western side) of an anticlinal, evidences of the eastern side might pos- 
sibly be found appearing in places above the Wahsatch beds. As it 
shows now, it is a monoclinal ridge facing the east. A few indistinct 
crinoidal markings were observed on Station 19, and on Station 20 some 
indistinct corals, Productus, and a poor Strophomena. Hast of Station 20 
near the foot of the mountain is an outcrop of sandstones and quartzites, 
‘but their relation to the limestones was not determined. West of the 
mountain is the main stream of Feather Creek, which flows around tie 
north end of the mountain. From the creek, long slopes rise gradually 
to the Thompson Plateau. These slopes are smooth, with reddish expo- 
sures, which I have taken to be outcrops of Wahsatch and have so 
colored on the map. The beds appear to curve around the southern 
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end of the mountain, but as the region on Labarge at the south end of 
Thompson Plateau was not visited, I cannot be certain of the exact 
relations. This is an interesting region and will repay the geologist who 
may be able to devote time to its detailed study and investigation. 
From Feather Creek south to Labarge Creek the surface rocks are 
the Wahsatch, with the exception of the mesa on the south side of the 
former creek. The Wahsatch variegated beds also form buttes and 
mesas, bright red colors predominating. As we approach Labarge 
Creek the level becomes lower and more uniform. Here there is a dip 
to the southward and also to the eastward, so that on the west side 
of the Green below Labarge Creek, the bluiis are composed entirely 
of Green River beds. On the east, however, a tongue of Wahsatch 
extends a short distance below the mouth of the creek. The sandstones, 
however, are the most prominent rock and are well exposed in the bluff 
on the west. In the lower portion of these sandstones above the mouth 
of the Labarge, on the east side of the Green, as well as on Fontenelle 
Creek, Professor Cope, in 1873, found “numerous remains of fishes sizni- 
lar to those of Green River City, with insects and their larve, shells 
like Pupa and Cyrena, and millions of Cypris.”* The Green was at its 
highest stage when we followed it, and it was found to be impossible 
to cross to the east side. The country between the Labarge and Fon- 
tenelle is pleateau like, with a gentle inclination eastward as we ap- 
proach Meridian Ridge. Green River shales and sandstones prevail, 
with, perhaps, Wahsatch near the ridge. The latter between the two 
streams was not visited, and therefore nothing definite can be predicated 
in regard to it, but it is probably composed of Jurassic and Carboniferous 
rocks. On the Green the sandstones of the Green River Group have 
a thickness of about 500 feet. East of the Fontenelle this thickness 
appears somewhat greater, shales forming the upper part of the beds. 
Ascending Fontenelle Creek the sandstones descend somewhat, and shaly 
beds show above. As We approach Meridian Ridge the beds rise genily 
and the variegated Wahsatch beds outcrop beneath, resting on the east- 
ern slopes of the ridge. At the base of the latter beds, near the caifion, 
is a very coarse conglomerate, and above are bright red, loosely aggre- 
gated sands. The shalés and sands of the Green River Group above 
the latter are much thinner than on the Green, as we would naturally 
expect. I searched for fossil remains in these layers, but without sue- 
cess. 

Labarge Creek.—The upper portion of this stream is mainly in Creta- 
ceous rocks that continue northward from the Fontenelle Hogbacks and 
will be described hereafter. It enters the basin through the cafion south 
of Thompson Plateau, and from this point its course is about east, while 
above the cation itis south. The geology of this portion has already been 
given. It is a considerable stream, and enters the Green in several 
branches that spread over a wide meadow. 

Fontenelle Creck was named after one of the early fur traders. It has 
its sources in the Absaroka Ridges opposite those of Ham’s Fork. Thence 
the streams flow eastward and southward across and through the Fon- 
tenelle Hogbacks until all unite in one main stream at the Meridian 
Ridge, through which a caiion some 900 feet deep is cut to the basin. 
Thence the stream flows eastward through a plateau-like region to the 
Green. This plateau of Green River beds extends southward beyond 
erie Creek and disappears beneath the Bridger Group north of Ham’s 

ork. 

Slate Creek rises in the eastern and western slopes of the south end of 


*Page 439, Report U. 8. Geol. Survey for 1873, 1874. 
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Meridian Ridge. It is a small, alkaline stream. Cutting across the 


ridge in a comparatively deep cation, it flows to the eastward near the | 


top of the plateau extending southward from the Fontenelle. The sur- 


face here is rather barren, gravelly, and sage-covered, even along the | 


course of the creek. To the southward buttes of Bridger beds, dark gray 
and blackish in color, are noted from Slate Creek. They also outcrop to 
a limited extent on the east and northeast side of the Green. The Green 
below the Fontenelle turns from its southerly course to flow toward the 
southeast. The following section was made in the bluffs between the 
two creeks: 


Section No. 4. 
Top. 


5. Yellowish and white laminated sandstones with a fe sends of con- 
eretionary limestone with oolitic streaks. Very irregular layers of 


sandstones show in places; the thickness of these beds is about... 100 feet. 

4, Thin, fissile, white shales with bands of sandstone .........--..-+-- 100 feet. 
3. Deep yellow sandstones somewhat massive.....-..----------.------ 50 to 100 feet. 
2. Greenish and whitish shales, with bands of sandstone....-.......-. 50 feet. 
1. Rather massive yellow sandstones. ...--..----- so 2-25 ween ne won e wees 200 feet. 
500 to 550 feet. 


| 


The thicknesses in this section were estimated. The lower layer (No. : 


1) often thins out, and the sandstones become laminated. They appear 
to lie just above the variegated beds. From the mouth of Slate Creek 
down, the river bottom on the Green is broad, and covered with good 
grass, and cottonwood groves. On the terraces back from the: river 
sage-brush is abundant. 

Han’s Fork.—Only the upper portion of this stream falls within the 
limits of our district, but the stream was followed from its mouth. 
About 25 miles from its mouth it is within our district, fowimg approxi- 
mately eastward along our south line. The bluffs on either side of the 
stream from Granger northward are composed of the sombre colored 
clays and sands of the Bridger Group, weathering into the bad-lands so 
characteristic of that group. A short distance below the limit of our 
district the following eeohoa was made in a blutt on the north side of 
the stream : 

Section No. 5. 


Base. 
1. White shales and gray colored sandstones forming bluffs ...-..-.--------- 300 feet. 
2. Yellowish shales and coarse gray sandstones..--..:.---..--------------- 100 feet. 
3. Gray sands and marls with greenish tint and having bands of limestone 
and sandstone. These beds weather into “‘bad-lands” .........-..---. 175 feet. 


4. Sandstones and greenish shales with bands of impure limestone near the 
top. These beds contain quantities of Unio Haydeni, and fragments of 
what appear to be fossilized branches, some resembling equisedum soe 100 feet. 


675 feet. 


Above this section are sombre beds in which vertebrate remains are 
found. The lower part of the section should probably be referred to the 
Green River Group, while the upper beds are probably of Bridger age. 
Still farther up the river lower beds appear, and the eafion walls are 
formed by coarse gray sandstones, with yellow sandstones and greenish 
shales. North of Ham’s Fork these beds form a bluff line facing Oyster 
Ridge. This will be considered again farther on. 

Ham’s Fork is the largest of the western tributaries of the Green 


lying within our distriet. In the early spring it is not fordable on — 


account of the high water, and the fords are always difficult on account 
of the miry character of the river-bottom. 
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OYSTER RIDGE. 


In Vol. II, Descriptive Geology, Exploration of the Fortieth Parallel, 
Mr. 8S. F. Emmons describes a Cretaceous fold, forming what he has 
named Oyster Ridge, from the abundance of fossil remains of Ostrea 
found upon it. The culminating point of this ridge, he says, is Ham’s 
Hill. This point lies within the district examined by us, and was our 
Station No. 33. What wasa simple fold in the district examined by 
Mr. Emmons has, in the region about Ham/’s Hill, become complicated 
by a fault and a secondary fold. On the west side of this northern end 
of the ridge, Ham’s Fork flows southward in a monoclinal valley in 
sandstones that are of Fox Hills Cretaceous age. On reaching the south 
line of our district it turns abruptly to the eastward, and cuts a caion 
through the ridge at right angles to the strike of the rocks composing 


it. Just before it emerges from the eastern end of the cation we have © 


the following section, which is represented in the accompanying diagrain: 
Section No. 6. 


1. Pink and red sandstones folded, dipping 8° to 10° on the eastern side and 25° on 

the western. 

2. Resting on the eastern side of the fold uncomformably are soft yellow sandstones 
dipping east about 4°. The outcrop of these sandstones is rather obscure, and 
on the bluff, a short distance east of the outcrop, in fragments of sandstone that 
appear to belong in these strata, I obtained the following invertebrate fossils: 
Campeloma macrospira, Corbula 2? Pyrgulifera ? and a fragment of a 
leaf which Professor Lesquereux says resembles an Araliopsis of the Cretaceous. 

. Purplish, reddish, and greenish sandstones and shales. 

Conglomerate, dark in color, and somewhat metamorphosed, dip 20° to west. 

Sandstones. 

Same layer as No. 3, dipping west 6° to 8°. 

. Same conglomerate as No. 4, dip 6° to 8° west. 

. Sandstones, like No. 5. 

. Sandstones and quartzites of Station 32. 


COM IR OS 


Above these are black shales and yellow sandstones, followed by mas- 
sive sandstones, whose strike carry them through Ham’s Hill. In the 
upper part of these sandstones, at the bend of Ham’s Fork, there is a 
bed of coal. We have, therefore, in this caiion an anticlinal fold toward 
the east, with its western side faulted. Resting on the eastern side are 
beds that appear to be of Laramie or Post Cretaceous age. These beds 
do not show as we follow the eastern side of the ridge north, but appear 
to be covered by the red beds of the Wahsatch Group, which overlap 
them. Before the deposition of these layers, therefore, the ridge must 
have been subjected to a vast deal of erosion, especially on its eastern 
face, for the western members are the most important topograpically, 
the Cretaceous sandstones forming the mass of the ridge. The red sand- 
stones in which the fold is so well marked in the caiion probably repre- 
sent the Triassic Red beds and the conglomerate I have provisionally 
considered to be the No. 1 Cretaceous. Looking north from Station 33, 
on Ham’s Hill, the sandstones of which it is composed are seen forming 
the Fontenelle hogbacks, which are much lower, while the continuation 
of the fold is distinctly noted in the Meridian Ridge. Whether the fault 
is continuous or not, I cannot say. In the Meridian Ridge the greatest 
amount of erosion has taken place on the western side of the fold, and 
it has somewhat obscured the relations of the rocks. As to the age of 


the elevation of the ridge, it is evident that it was Post Cretaceous, and — 


that the uplift was followed by a period of erosion before the beds of the 
Wahsatch were deposited upon the upturned and eroded edges of ‘the 
Cretaceous strata. The strike of the Fox Hills beds, which in Mr. Em- 
mons’s district is a little east of north, changes to north, and can be traced 
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curving to the westward a little above Ham’s Hill, and after crossing a | 
branch of Crow Creck, is seen to turn once more to the northward. The — 
angle of the dip is about 20°. 


HAMS FORK BASIN. 


Following Ham’s Fork to its head, it is seen to have its sources ina 
basin of Wahsatch beds lying west of the southern extension of Absaroka 
Tridges. ‘The extension of this basin northward, as colored on the map, 
is somewhat indefinite, and the relations of the beds to the older rocks 
in the hills on its rim are unknown. ‘The river flows south through the 
basin, receiving lateral branches from both sides. On reaching the ‘north- 
ern end of the Ham/’s Fork Plateau the river turns slightly to the east- 
ward, keeping along its eastern edge. It is evident that the Green River 
shales once extended over the whole basin but have been eroded away. 
Ham’s Fork Basin represents an old_ bay of the earlier Tertiary Lake. 
Whether the ancient lake whose sediments are found in the Bridger 
deposit, ever extended up this arm it is impossible to tell, as no rem- 
nants of it are found there now, and even the Green River Group i is eroded 
entirely from the greater part of the basin. The bright red and pink 
Wahsatch beds are seen on the slopes of the Absaroka Ridge, but we 
were not close enough to determine the relations. 


HAWS FORK PLATEAU. 


This plateau really represents that portion of the ancient arm of the 
Tertiary Lake just described, from which the Green River beds have 
not been eroded. Itisa plateau, cut into mesas by four streams flowing 
eastward into Ham’s Fork, and by the branches of Twin Creek, a tribu- 
tary of Bear River, which flow southward to join the main creek, whose 
course is westward. Jt is a tongue extending northward from the west- 
ern side of what is called on the maps of the 40th parallel survey the 
Aspen Plateau. In the southern extension, however, the capping of 
Green River beds appears to be absent, as there is none of the formation 
colored on the map. The western boundary of the plateau is an anti- 
clinal range of Carboniferous rocks, from the sides of which the Green 
River Group dips slightly towards the east, rising a little as Ham’s Fork 
18 peptone The upper beds of the eroup here are fine-grained, com- 
pact, white limestones. Below are dark shales, that weather white on 
exposure to the air. In these, near Camp 21, we obtained fish remains. 
The thickness of the shales and limestone here is about 400 feet. The 
streams generally cut deep enough to expose the variegated beds, which 
aiso show on the slopes of the high hills to the westward. The caiions 
- cut in the plateau are marked by almost perpendicular walls, on the sides 
of which, especially towards the heads, there are numerous springs. 
Running water does not extend far along the courses of the creeks. The 
cafion- heads are just as steep as the sides. They begin abruptly, or 
are the counterparts, on a smaller scale, of the cafions in the Green River 
Group of the Grand ‘River Cliffs ia Northwestern Colorado, described in 
the Annual Report of the Survey for 1876. 

Associated with the fish remains found near Camp 21 (near Sublettes 
road), I found three leaves, which were sent to Professor Lesquereux for 
identification. Of them he writes me, ‘Of your specimens, I find in Nos. 
1 and 3 the same kind of leaf of a new species of Myrica ; in No. 2, an in- 
volucre of Ostr: ya, Rew species; both are referable to the Upper Green . 
River Group, which is by the plants the equivalent of the White River 
Group.” 

- On Twin Creek £46 brothers by the name of Bell have been blasting 
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out the fossiliferous shales for specimens, which they send to the railroad 
for sale. Prof. E. D. Cope has described a large number of species of 
fish from this locality.* The specimens collected by me were sent to 
Professor Cope for identification, and the following is the list: 


Mioplosus abbreviatus. 
Mioplosus labracoides. 
Mioplosus (species ?). 
Dapedoglossus testis. 
Diplomystus humilis. 
Diplomystus analis. 
Priscacara pealet. 
Priscacara serrata. 
Priscacara serrata (young). 
Clastes ferox. 


A few insects also were collected, and were sent to Prof. S. H. Seud- 
der. Leaves also are found in connection with the insects and fish. 


They occur in a calcareous shale, which is easily cut when first taken out, ' 


so that. the specimens are generally in better shape than those obtained 
from the shales of Green River City. In the lower part of the bluff 
from which these specimens are taken, the bright colored beds of the 
Washatch are seen outcropping, although the entire section cannot be 
seen, as their softness causes them to weather so that the débris conceals 
the strata. The fossils are found at several horizons in the shales. 
Near the top of the bluff is a band of hard, bituminous, or oily shale, which 
burns rather freely with a strong bituminous odor. The occurrence of 
this shale in connection with the fish-beds suggests the possibility of the 


animal origin of the oily deposit. It is brownish-black in color and on . 


the weathered surfaces a bluish-white. Its structure is very irregular 
and seems to include fragments of sand. Portions are slightly calca- 
reous, although it is mainly argillaceous. 

Somewhere near the head of Twin Creek, between it and Ham’s Fork, 
is the Mammoth Mine. The following notes in regard to it were fur- 
nished by one of the Bell brothers, who, with two brothers by the name 
of Smith, were the discoverers of the beds in July, 1876. ‘The coal 
occurs in Bell’s Pass between the head of Twin Creek and Ham’s Fork. 
A thickness of 315 feet includes all the coal beds, of which there are 
twenty-nine separated by sandstones and clays. They are from a foot 
and a half thick to 48 feet thick. Openings have been made into each 
bed, but none have penetrated more than about 20 feet. The strike of 
the beds is about north and south, and the dip 30° or 40° to the west. 
There are said to be other beds outside of this that have not been opened. 
Nine miles farther south the same beds are said to outcrop again, but 
with a southern dip which throws them under the Bridger road. No 
fossils have been found in connection with the coal beds, but it is probable 
that the horizon is above that of the coal outcropping at the bend of 
Ham’s Fork. The latter is probably in the upper part of the Fox Hills 
Group or the lower part of the Laramie Group. As to its relation to the 
coal of Evanston and the coal exposed lower down Twin Creek, nothing 
can at presentbesaid. Themen from whom the description was obtained 
think it is not the same bed. The coal appears to be of good quality 
with a good luster, and does not seem to be much affected by the 
weather. I was also shown specimens of a softer coal from layers that 
ee said to rest uncomformably on the beds containing the mammoth 
beds. | 


* Bulletins U.S. Geol. Survey, vol. iii, No. 4, p. 807; vol. iv, No. 1, p. 67. 
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ABSAROKA RIDGES. 


West of the Fontenelle Hogbacks and east of Ham’s Fork Basin is a 
plateau-like ridge of Carboniferous beds, which, when followed to the 
northward, develops into several parallel ridges, and finally culminates 
in the Wyoming Range. Only that portion lying between Ham’s Fork 
Basin and the Hogbacks was visited. ‘T'wo stations, Nos. 25 and 26, 
were made on this ‘plateau- topped ridge. Quartzites form the summit 
dipping to the westward, and below the summit limestones outcrop with 
fragments of Zaphrentis. The summit is welltimbered. Looking north 
all the dips appear to be toward the west. What the rocks are, how- 
ever, it is impossible to say definitely, but the strikes of Station 25, car- 
ried north, would seem to indicate them to be of Carboniferous age, with 
perhaps later beds northwest. I am equally uncertain about the south 
end of the ridge, and the relations of the ov erlying Wahsatch beds on the 
west on Ham’s Fork. On the east there is a rather abrupt bluff face, 
and a short distance east in the valley beds of sandstone and limestone 
with Ostrea soleniscus are found, also dipping westward, seeming to abut 
against the westward-dipping Carboniferous limestones. There is prob- 
ably a fault extending along the eastern side of the range, but the june- - 
tion is so covered by “debris that it can only be assumed. 


MERIDIAN RIDGE. 


Extending southward from Thompson’s Plateau to Slate Creek is an 
anticlinal uplift, meridian fold, that forms the western rim of the Green. 
River Basin at this part of its extent. This ridge was crossed by us at 

-two points only, viz, south of Fontenelle Creek and near Slate Creek. 
The highest portion of the ridge is north of Fontenelle Creek, where an 
elevation of about 8,000 feet is reached. Labarge Creek cuts a caiion 
through the north end of the ridge. The upper portion of the ridge not 
being ‘visited, of course its description is not attempted. It is probable 

~ that Carboniferous and Jurassic rocks form the main part of it, and it 
has been so colored. Approaching the ridge via Fontenelle Creek the 

Green River Group is seen to terminate in a “bluff facing the ridge, with 

its strata inclining gently towards the eastward. From beneath these 
strata the Wahsatch beds appear abutting against the more steeply in- 
clined older beds that form the fold which makes the ridge. At the Fon- 
tenelle the trend of the ridge is about due north and south. Towards 
Labarge Creek it is little west of north. The following section was 
made on the western slope of the ridge south of Fontenelle Creek. The 
edges of the strata face the west, the strata being almost horizontal on 
the summit, but dipping steeply to the eastward « on the east side of the 
ridge. 
Section No. 7. 
Top. 


6. A reddish quartzite, thin and without fossils. It forms the summit in 
some places and is entirely eroded away in others 
5. Bluish limestone containing Pentacrinus asteriscus, Ostrea str ignlece, 100 feet 
Camplonectes bellistriatus, mM ee 2 Myalina 2 Modiola 
Trigonia BOSCO ———— A. Gene once cc neces teehee eteeeeenetes 
= Reddishisandstone't. S25.sseisesics.. wees seen coed eco soe Aer ee ee eee eeeS 
. Bluish limestones, laminated and blue argillaceous shales and slates... 
. Bluish and gray LinesfOTIEs Ne tce eau, ica ae fis een ae 
. Reddish quartzites which appear to reach to the valley of the creek to 
west of ridge. They are much broken and appear to have been ab- 
ruptly folded. The distance to the creek level is about.......--.---- G00 feet. 


150 feet. 


ewto 


DOE Soe Gees 5 crossed cones oosndo dososs sedinng seeSsoe <s5 esos 850 feet. 


PEALE. | DESCRIPTIVE GEOLOGY-—-GREEN RIVER BASIN. 537 


In the cafion limestones probably outcrop, and if the quartzites (No. 1 
of the section) are Triassic, as I believe, the limestones would be of Car- 
boniferous age. Professor Cope visited the cafon and recognized Car- 
boniferous rocks.* ‘In one of the Carboniferous strata,” he says, “I 
found a well-marked horizon of Carbonaceous shales extending as far as I 
explored them.” ‘The erosion that has excavated the valley at the west 
side of the ridge has therefore cut into a portion at least of the Carbon- 
iferous. The ridge is therefore an anticlinal with the sharpest portion of 
the fold on the western side. This is the portion eroded away. Erosion 
has considerably obscured the beds, and at one time I thought it proba- 
ble a fault extended along the ridge, especially as a fault was noticed 
west of the fold at the cation of Ham’s Fork. The latter fold is the 
southern continuation of the Meridian Ridge. The valley between Me- 
ridian Ridge and Absaroka Ridge is occupied by the Fontenelle Hog- 
backs. The view from the former ridge is thus described by Professor 
Cope in the report for 1872: ‘From the summit we have had a beauti- 
ful and interesting view of geological structure. The valley, of three or 
four miles in width, is bounded on the west side by a range of low mount- 
ains (Absaroka Ridges), whose summits are well timbered. The valley 
is excavated at an acute angle to the strike of the strata, so that as far 
as the eye can reach to north and south successive hogbacks issue en 
echelon from the western side and run diagonally, striking the eastern 
side many miles to the southward.” 

The hogbacks, south, are not as numerous, because the fold of Meridian 
Ridge is not so elevated, and the greater part of the beds curve over and 
are found on both sides preserving the anticlinal. At the head of Slate 
Creek I could find no evidence of any fault. The Wahsatch beds extend 
farther to the westward below Slate Creek, so that the Jurassic beds do 
not appear and the character of the ridge is completely lost. 


FONTENELLE HOGBACKS. 


These hogbacks have been partially described under the preceding 
head, as they are formed by the western members of the Meridian Ridge 
fold. They extend northward from Ham/’s Hill into the valley of Labarge 
Creek. They are most marked on the Fontenelle, and hence their name. 
A section carried across the valley or depression in which they outcrod 
is in general as follows: 


Section No. 8. 
Base. 
1. Shales and limestones, with bands of sandstone. The lower beds dip 
5° to the westward, and the upper beds 8° or 9°. The thickness, as_ . 
Eshimeahed 1S MOMs Soames Poa ee tees sce mi lomesletacs ea ables a hisc les 500 feet. 
2. Above the layer No. 1 follow sandstones, with pink and gray shales 
above, which are yellow sandstones. The dip in these beds is 10° to 


ROS bmeiomeeeee Cee cet cm coe itn Beil eon mecca lee ceee comsiaceeice, 7 O00 fects 
3. Yellow siliceous sandstones, forming well-marked hogbacks, dip 10°... 500 feet- 
4, Space probably filled with sandstones and limestones, dipping 5° to 18° 


to west. In these is a bed full of Ostrea soleniscus. Thickness..1,000 to 1,500 feet. 


Some of the shales in larger No. 1 resemble those of the Colorado Cre- 
taceous; but I could find no fossils, and failed also to recognize the Da- 
kota Group. My time, however, was limited, and Professor Cope informs 
* me that he obtained Cretaceous fossils from some of the shales at a point 
somewhere in this neighborhood. It is probable, therefore, that the 
whole Cretaceous series is present. The beds, with the Ostrea, are un- 


* Report U. S. Geol. Survey, 1873, 1874, p. 440. 
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doubtedly the Fox Hills Group, and the sandstones in layer No. 3 may 
represent the Fort Pierre Group (Cretaceous No. 4). 

The Fontenelle comes from the north on the west side of the principal 
hogbacks until joimed by a stream rising in the Absaroka ridges, where 
it turns towards the east and cuts across the hogbacks, flowing in a zigzag 
course, now across and now with the strike, until it reaches the head of 
the caion. Following southward through the trough-like depression 
between the hogbacks and the Absaroka Ridge, we come to Crow Creek, 
a branch of Ham’s Fork. This stream flows southward west of the prin- 
cipal sandstone hogback. Just outside of this sandstone ridge, where 
the road from Slate Creek comes to the stream, I found an outcrop in 
which the following fossils occurred in a bed of soft sandstone: 


Ostrea soleniscus. 
Ostrea 
Trapezium 

. Inoceramus 


? 
? 


This layer I am inclined to think lower than the one from which Ostrea 
soleniscus was obtained on the Fontenelle, although I cannot be certain. 
The hogbacks at this point are much lower and the inclination less 
than on the Fontenelle. The hogbacks farther south, however, assume 
greater proportions in the ridge of Ham/’s Hill, and a small ridge in 
which there is a coal-bed shows to the west of the latter.. Farther 
north I saw no evidences of this coal-bed, but the outcrops were so in- 
distinct that it might easily be concealed by the débris, and I did not 
have time to make a close detailed section at either of the points where 
the hogbacks were crossed. The Fox Hills beds are seen abutting 
against the Carboniferous limestone. Hither there is a fault on the 
west or the hill in which these limestones outcrop was a shore line 
during Cretaceous times. This subject, however, will have to be deferred 
to a future chapter. 

Looking north from the Fontenelle, the hogbacks are seen filling the 
valley of Labarge Creek. Some of the branches of the latter stream 
rise 7 or 8 miles south of the point where the Fontenelle emerges from 
the Absaroka ridges, and have their valleys parallel to that of the latter, 
although they flow in the opposite direction. On Labarge Creek the 
trend of the hogbacks turns toward the west, and they become much 
less prominent as viewed from Thompson Plateau, the nearest point 
from which they were observed. 


THOMPSON PLATEAU. 


Viewed from the Green River Basin, the edge of this plateau presents 
a very regular outline. It is about 10 miles in length and from 2 to 3 
miles in width. Only one station (No. 47) was made on it, and that was 
on the northern end. It is composed of massive limestones dipping to 
the west. Fragments of Zaphrentis were the only fossils. North from 
the plateau there is an anticlinal fold that is on the direct line of the 
fold of Meridian Ridge. It is probably the same fold, and I have called 
it Meridian fold. At Station 47 the fold appears to be a monoclinal, 
and the limestones appear to be connected with those on the west side 
of Meridional Valley. Station 46 was on the axis of the anticlinal, but 
the beds were concealed. The fold, however, could be distinctly seen 
on the north side of the cation of Piney Creek, and the section in an 
accompanying plate gives the relations of the beds as noted. I am in 
doubt about the gray beds in the centre, as no fossils were obtained. 
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Their age must remain doubtful until a section in the cafion of the 
Piney is made. The sandstones forming the upper portion of the section 
are undoubtedly the Laramie sandstones; for, on a branch of the Piney, 
only a little farther north, I obtained Laramie fossils. The relation of 
the fold to the plateau could not be definitely determined. The simplest 
solution appears to be that the plateau represents the highest portion 
of the elevation, and that in the fold north the overlying beds have not 
‘been removed, but that Jurassic and Cretaceous layers are still pre- 
served. This supposes a vast erosion subsequent to the uplift; for, on 
the east of Thompson Plateau, the Wahsatch beds rest on the Carbonif- 
erous limestones extending to the eastward in long, smooth slopes, while 
at the caiion they rest on the more modern beds, whether Jurassic or 
Cretaceous I am unable to say. It is probable that Cretaceous is pres- 
ent, as there is room for a thickness of 7,000 feet of beds between the 
axis of the fold and the range to the westward. 


MERIDIONAL VALLEY. 


Between the rim of the Green River Basin and the Wyoming Range 
is a deep, trough-like depression, which, as far as could be determined 
by the few fossils that were found, is filled with sandstones of the Lar- 
ainie Group. The structure of this valley will be apparent by glancing 
at the sections across it represented in the accompanying plate, showing 
sections of Meridian fold. The valley extends from the Piney, north of 
Thompson Plateau, to Marsh Creek Valley. The branches of the Piney, 
Bitterroot, and Marsh Creek drain the region with north and south 
courses, while the main streams flow eastward. ‘The rim of the basin is 
an anticlinal, which is represented in the sections. In this anticlinal no 
rocks older than the Jurassic were observed. On the north side of the 
main Piney the steepest side of the anticlinal is the eastern, the dip of 
the beds being 80° on that side as seen beneath the unconformable Wah- 
satch beds. The western side dips west 50°. The lower beds are prob- 
ably of Jurassic age, as determined by fossils found farther north. They 
were seen from a distance at this point, and consist of gray beds, probably 
limestones. Above them a reddish limestone outcrops, followed by sand- 
stones and shales, and again white sandstones with greenish-gray lam- 
inated sandstones still higher. There is room in the section for 7,000 
feet of beds, and the whole Cretaceous system is probably present, 
although not positively identified. The dip of the beds on the west side 
of the anticlinal is south 77° west. In the range to the west. the dip is 
westward. On the east the variegated Wahsatch beds rise on the ridge 
So as to cover the greater part of the eastern side of the anticlinal. They 
dip 6° to the eastward. 

On a small branch of the Lake Fork of Piney Creek, east of Station 
48, I found:a Corbula, and other indistinct fossils. On the north side of 
the main Lake Creek the following were obtained: Pentacrinus asteriscus 
and Neritina ? The angle of dip here on the western side of the 
anticlinal is about 25°, as shown in the section. There appear to be 
quartzites in the centre of the fold, but whether they are the representa- 
tives of the Red Beds or not, it is impossible to say. The fold at this 
point is much more gentle than on the main Piney. ‘The section on the 
south side of Bitterroot Creek shows the fold to be still more gentle, the 
western members showing dips of 20°. The eastern side is still the more 
abrupt, and the Wahsatch beds still conceal the greater portion of it. 
North of the Bitterroot the Wahsatch beds cover the axes of the fold 
entirely, and present a bluff face to the westward. On top the beds are 
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covcred with the débris of the range to the westward, composed of lime. 
stone and quartzite pebbles. Underneath are the following beds: 

Yellow sands and conglomerates. 

Red marls and sands. 

Purple sands and conglomerates. 

These beds are 500 to 600 feet thick, and dip slightly to the east- 
ward. The conglomerates are composed of quartzite and limestone 
pebbles and bowlder 8, evidently derived from the range that lies to the 
westward. Some of the limestone pebbles contain indistinet fragments — 
of Carboniferous fossils. On the top of the plateau which these beds 
form I found corals and a Spirifer in some of the pebbles. I think these 
pebbles were derived from the weathering of some of the upper conglom- 
erates. The bluff of bright colored conglomerates extends from the 
Bitterroot to Lander Creek. Between Lander Creek and the main branch 
of Marsh Creek the anticlinal again shows. On the ridge here Station 
51 was located, on a hard limestone containing remains of a small gaste- 
ropod that is probably of Jurassic age. As seen from this point, the 
beds north of Marsh Creek are more folded than was noticed at any point 
south. The strike is about north 13° west. There were three anti- 
clinals, all rather gentle; west of the most western the dip of the sand- 
stones was 30°, and next to the Carboniferous Range an angle of 20° was 
noticed. Between these two points, however, the beds are nearly hori- 
zontal, as shown in the section. The Wahsatch beds rise on the hills on 
the east side, and remnants are seen resting on the upturned edges of 
the sandstones on the west side. These sandstones are greenish-gray, 
and laminated in character. No fossils were foundin them. They have 
been colored on the map to represent the Laramie Group, as the only 
fossils found in their southern extension seem to indicate that as their 
age. The area between the anticlinal and the Wyoming Range is wider 
from Lander Creek northward than southward. Marsh Creek rises op- 
. posite the head of McDougal’s Creek, in a basin of sandstones which 
present bluffs on the head of the latter. The divide between the two 
streams is on the east side of the Wyoming Range. Another case sim- 
ilar to this occurs at the head,of a branch of John Day’s River; the di- 
vide between them being some distance to the east of the range. An- 
other case occurs farther north, on a much larger scale.. This was just 
north of our line, and will be the field of future exploration. 


WYOMING RANGE. 


I take up this range in this chapter inasmuch as the greater part of 
its drainage is to the eastward into Green River Basin. It is about 35 
miles long in our district from Thompson’s Pass to our north line. Be- 
yond the latter itreaches to, the Gros Ventre Range. The width is from 
6 to 8 miles: The peaks range in elevation from. 10,000 to over 11,000 
feet. Wyoming Peak, on which station 55 is located, is the highest peak, 
having an elevation of 11,490 feet. 

Towards the Green River Basin the range presents a rather abrupt 
face, with basset edges of limestone strata which dip to the westward 
from 10° to 20°. These limestones have been colored to represent the 
Carboniferous, as only carboniferous fossils were found. There is an 
exposure of from 2,000 to 8,000 feet of beds, and it is possible that the 
lower portion ought to be referred to the Silurian or Devonian. 

At station 48 the following is a general section. 
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Section No. 9. 
Base. \ 
. Massive blue limestones reaching from the base of the cliffs to a point 
about 1,600-feet above; thickness about....-...-....---------2-.--- 2,700 feet. 
RP CUMUIMES TOM Ose saris nae okie om oe a cets Loon so minwc cine Serle mee ee aweecs 
. Blue limestones, with crinoidal stems; indistinct corals and fragments > 800 feet. 
RaPEERMMPCHECIONINCH CBI) 8 AMER ER ofa on Metta oe Rae a bia Wa wamieaial salon USE Be 
POM ADUATUCS pyNcin' Sos racic hs ciclo Geen seee cesses Ene ERS ani SoMa Ts | 
Meee ttl VelOw MIMeGSiOUES. cae = oaccee ese «acme ses cms wee cmes esse 1,400 feet. 
MALL ALOS ON SUALLON AS masa < nacwce once selcobo cele aisis oo oom cesa seeeee 


OOom 0m eS 


4,900 feet. 


The lower layers have a very old look, and are in all probability Sub- 
carboniferous, although they may be Devonian or Upper Silurian. The 
dip of the strata is about 20° to the westward. 

Station 55, or Wyoming Peak, is almost due west of station 48. It 
is, however, on higher beds that represent the Trias formation. 

The following section was made on the peak: 


Section No. 10. 


Top. 

10. Red quartzitic sandstones forming summit of the peak about....... 110 feet. 
9. Red sandstones with quartzitic and shaly bands.................--. 
Slash, brick-red colored sandstones.--.-....2-2..------22--s.e00---- 60 feet. 
7. Mottled calcareous sandstones..--...----.---..---+6--- lene Bake Seta are 
6. Purplish limestones with mottled layer ---..-.-:......-...----.---. 150 feet 
9. bluish and purplish quartzites .... 2.225 4-2 sess ee sc en sscecccews pais 
APpedasandstonestangshales. 2 < 5 s'a2joyecisieeisan soe bine = ou ce sinnecceae 300 feet. 
APE Rnn TE BANCSUOMES Gs 5 eis ite emi oa wnat ees anaes sonia tec enten 250 feet. 
Pee SEMMTPUCU MACS es wae «Some vac mncanwetasmo as cseaes dante. woe cee b 
fe p@ouelomeritic sandstones... _o..22h222.csces Le. bbb tee sok ne cc Bek Not SEE. 
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These beds are almost horizontal and tongues run out to this eastward 
from the crest of the range onto the spurs. Between this section and 
the section of station 48 there must be from a thousand to fifteen hun- 
dred feet of beds that probably represent the Carboniferous coal mea- 
sures. Northward from the station there appears to run a synclinal 
depression. It is rather shallow, and not very broad. It is probably 


the same one that will be referred to again as occurring on McDougal’s © 


Creek. 

Station 49 was located on a limestone ridge that appeared to stand 
out to the east from the main range. The dip of the rocks is here more 
to the southward. On the summit a quartzite outcrops, and below it 
are blue limestones, followed, as we descend, by yellow limestones. The 
quartzites are probably the same as those of layer No. 5 in the Section 
nade at station 48. The viewas we look southwest into the main range 
shows aconfused mass of high peaks in whose recesses liehuge snow-banks. 
The syneclinal, north of station 55, can be distinctly traced, and at this 
point it appears to be broader than at any other. This has preserved a 
greater body of the Red Beds (Trias?), and wefound that the water on Lan- 
der Creek, from. their erosion, had a red tint not observed on the other 
streams. A succession of quartzites and reddish sandstones with inter- 
laminated gray beds could be seen dipping west at an angle of about 30°. 
Station 49 was named by us Mount Lander, after acivil engineer who trav- 
ersed a large portion of this region on surveysfor a wagonroad across the 
country. There are two passes across the Wyoming Range within the 
limits of our district, viz, Thompson’s Pass and McDougal’s Gap. The 
former is the one by which the Lander Cut-off road crosses, and is at the 
southern end of the range. McDougal’s Gap is about 25 miles farther 
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north, and is the route of a broad and well worn Indian trail which fol- 
lows up Marsh Creek. The ascent is very gradual to the rim of a small 


basin in which McDougal Creek heads. This is at the eastern base of — 


the range. The descent from the head of Marsh Creek to the head of 
MeDougal’s Creek is very abrupt, and the latter stream has a rapid de- 
scent through a narrow and rough caton. Gray laminated sandstones 
dipping to the westward at an angle of 20° are first crossed. These 
abut against the edges of limestones, which also dip to the westward. 
The angle of inclination in the limestones at first is 10°, but this in- 
creases to 25° as we go down the caiion. Reaching acreek coming from 
the north a few miles west of the Pass we find beds flattening out until 
we soon cross a gentle synclinal and shortly afterwards an anticlinal 
fold. This latter fold is continuous along the western side of the range. 
The creek already mentioned as coming into McDougal’s Creek from the 
north cuts the range into two ridges that are parallel to each other. The 
eastern or outside ridge is composed entirely of limestones and quartz- 
ites of Carboniferous and perhaps Silurian age. The western ridge con- 
inues the main crest northward, while the eastern ends at a point east 
of station 53. The latter was our most northern station in the range, 
and was on limestones whose position was almost horizontal. Going 
westward, however, this dip soon becomes 35° or 40°. To the south and 
to the north the Red Beds (Trias) are seen reaching up on the summits 
of the ridge. In the valley of John Day’s River opposite the station 
and for some distance north of McDougal’s Creek the fold of the Red 
Beds on the western side of the range is preserved; but farther south 
the fold is more abrupt and the line of sharpest folding is most eroded, 
so that on the summit of the range we have the Red Beds resting in al- 
most horizontal position on the Carboniferous limestones, and in the 
valley of John Day’s River they dip 25° to 35° to the westward. Le- 
tween these two there is a gap in which only Carboniferous shows. 
This portion of the range, in consequence of this erosion, presents a rather 
steep, bluffy face to the westward. The summit of the range is about a 
mile and a half east of the valley, above which it rises nearly 4,000 feet. 
The upper portion is an almost sheer precipice in most places. South of 
Thompson’s Pass the Absaroka Ridges continue the line of the range, 
gradually diminishing in height towards the south. These have already 
been considered. 
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DESCRIPTIVE GEOLOGY—SNAKE RIVER DRAINAGE AREA. 


JOHN Day’s RIVER—SALT RIVER RANGE—SALT RIVER—BLACKFOOT BASIN—PORT- 
NEUF RIVER—MARSH CREEK—PORTNEUF RANGE—BANNACK RANGE. 


In the present chapter, I shall take up the general . geology of the 
branches of Snake River that drain the northwestern portion of the dis- 
trict. As there are alternately streams and mountains, in general par- 
allel to each other, I shall take them up in order from east to west, instead 
of considering the drainage system first and the mountain ridges and 
ranges afterward, as was done in the preceding chapter. I shall endeavor, 
in taking up each stream and range, to give a general idea of the geo- 
logical structure of the immediate region as determined by the facts noted 
by us. These, however, must be necessarily incomplete. The whole 
region is one admirably adapted to rapid topographical work, while the 
geology is complicated, especially in the ranges. The general structure 
was welldetermined, butthere are many detailed points still to be worked 
out, and a geologist will find much to interest him for a long time, espe- 
cially in the Salt River Range and in the Preuss Range. 

The branches of Snake River draining this portion of the district are 
John Day’s River, Salt River, Blackfoot River, and the Portneuf River. 
Salt River Range is the highest mountain range. Other ranges are the 
Portneuf, Bannack, and the northern spurs of the Preuss Range. 


JOHN DAY’S RIVER. 


John Day’s River has a length of about 35 miles within our district. 
Its course is about due north to within a couple of miles of our north 
line, where it turns to the northwest. The river was named after one of 
the early trappers of this region. Its extreme head is in the southern 
end of the Wyoming Range, between La Barge Creek and the branches 
of Piney Creek. Its valley is narrow and cafion-like throughout its 
length, and the hills sloping to it are well timbered with pines. The 
stream is clear and rapid, generally difficult to ford. Geologically the 
valley is a monoclinal cut in rocks of Jura-Trias and Cretaceous age. 
Opposite Station 55 the river flows over the red quartzitic sandstones 
that lie just above the limestones of the Wyoming Range. They out- 
crop on both sides of the valley, dipping 35° or 40° to the westward. 
The Wyoming Range on the east side of the river presents an almost 
vertical face toward the valley. The summit is capped by “red beds” 
in almost horizontal position. Below the red sandstones are conform- 
able limestones, which, as we get nearer the level of the valley, curve and 
dip conformably beneath the red sandstones that form the hogback-like 
ridges on its east side. The projecting angle of the fold has therefore 
been eroded away. In the valley the river winds but little. A couple 
of miles above Station 0 the river turns slightly to the eastward out of 
the red sandstones, but soon turns westward again, cutting across the 
red sandstones into the gray Jurassic beds that lie above. The stream 
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here cuts quite a deep cafion, from which it emerges into the broadest 
valley along its course. This valley extends northward about six miles, 
to the mouth of McDougal’s Creek. It is nearly a mile wide in the 
widest part, and near the lower end the river includes quite a large 
island. The valley is covered with a growth of sage interspersed with 
good grass. The red sandstones outcrop on the east side until within 
about a mile of McDougal’s Creek, when the gray Jurassic limestones 
cross from the west side about opposite the lower end of the island. The 
river here bends to the westward, and thence northward appears to be 
in a monoclinal of Jurassic rocks. 

Station a was located on quartzite on the north side of McDougal’s 
Creek, opposite its mouth. ! 

Station b was located on red quartzitic sandstone, on the east side of 
John Day’s River, about five miles south of Station a. Near Station a 
the sandstones outcrop at the angle of McDougal’s Creek, about a mile 
and a half above its mouth. 

Between the two stations they rise on the western slope of the Wyo- 
ming Range. Atone point the fold inthese red bedsisunbroken. They 
appear to be horizontal on the summit of the range. es he 

Between Station a and the top of the red beds exposed to the east- 
ward at the angle of the creek there is exposed about 1,500 feet of con- 
formable beds dipping to the westward 25° to 30°. 

The gop Meus ule yen at this point: 


Section No. 11. 
Top. 

. Quartzite. 

. Reddish arenaceous shales. 

. Green laminated sandstones. 

. Greenish-gray limestones with very irregular structure. Some of the layers appear 
to be arenaceous. The following fossils were obtained: Belemnites densus, Avicu- 
lopecten Idahoensis (?) Gryphea, and other undetermined bivalves. 

. Reddish and gray shales and sandstones. 

. Gray limestones and shales, near the top of which are Pentacrinus asteriscus, &c. 

Blue laminated limestones with Pentacrinus asteriscus, Camptonectes Cellistriatus, 

Trigonia, sp.? and Myacites, sp.? 


SWORE 


LDN 


The thickness of this section is about 1,500 feet. Below are the red 
beds, of which the best section made is the one at Station 55 (No. 10). 

Bed No. 1 may represent the base of the Cretaceous, but no proof 
was found. West of John Day’s River is a thickness of from 2,000 to 
4,000 feet of beds, mainly shales and sandstones, as observed in the very 
few outcrops seen. They appear to abut against the limestones of the 
east side of Salt River Range, although the line of junction was not 
seen at any place. The Salt River Range was crossed at only one point. 
These shales and sandstones have been colored on the map to represent 
the Cretaceous formation, from the fact that, tracing the outcrops south- 
ward, they appear to be the direct continuation of the Cretaceous beds 
noted on La Barge and Fontenelle Creeks.* Following down the river 
from MecDougal’s Creek we found the red sandstones forming hogbacks 
on the east side. The dip of these beds increases towards the north. 
West of Station 53 the angle is 43°. The strike of the beds is a little 
west of north, while the river flows directly north. The Jurassic beds 
outcropping at the mouth of McDougal’s Creek therefore soon cross to the 


* During the explorations of 1878, Cretaceous fossils were obtained in beds on Ho- 
back’s River, directly north of this valley, in about the same relative position with 
regard to the Jurassic. ~ ‘ 
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west side of the river, where they form gray and reddish bluffs as far 
north as the abrupt westward turn in the river. 

Four or five miles northwest of Station 53 the Wyoming Range is cut 
by a stream flowing a few degrees south of west. From the mouth of 
this ereek the course of John Day’s River is west for about a mile and 
a half, when it turns northwest, a course that it holds toits mouth. On 
the north side of this tributary stream a good section of the strata is 
seen, as viewed from Station 53. Toward the east, the limestones, the 
basset edges of which face the Green River Basin, are seen dipping a 
little south of west 35°. Above the limestones are red sandstones and 
quartzites, and still higher lighter colored red sandstones, inclining 
about 25° in the same direction. Above the latter are the gray lime- 
stones and shales, in which the angle is from 20° to 25°. The entire 
thickness of the beds is between 9,000 feet and 10,000 feet. 

The following section agrees with the section given in the illustration: 


Section No. 12. 


Goonies. . Yellow limestones and quartzites...-......-- sce , 2, 100 


. Blue limestones somewhat laminated near the top.. 


Priassic? . Reddish sandstones and quartzites, light colored near ; 
| Capeenensse , 600 


Turassi¢ ....-.-----. | 


GE WDASOk das aic oracle <ioe cider ce Staves o Stelar ate 2 eS 


. Bluish and gray limestones, with shales and sand- 
stones near the top. (Beds of section at McDou- 
gal’s Creek come in this section here) ........-..- 
7. Sandstones and shales, gray and greenish.......... 
8, Yellow sandy shales? ./.--. .----. 2-2... 2-2. eee nne- 
9. Variegated reddish and grayish shales..........-.- 


Cretaceous? ........ 


9, 000 


It is probable that a careful detailed examination of these beds would 
determine the presence of the whole Cretaceous series to the top of the 
Fox Hills Group. The section given above is only general, and the thick- 
nesses are approximate. They are obtained by taking the dip of 35° for 
the limestones, 25° for the red beds, and 20° for the Jurassic strata. Tak- 
ing ae average dip at 25° for all, we get a thickness of 8,000 instead of 

000 feet. 

The western side of the valley of John Day’s River is a high plateau 
of Cretaceous (?) rocks. It is from two to four miles in width, and 
slopes gently from the Salt River Mountains to a bluff facing the river 
bottom. This bluff is from 400 to 600 feet in height in the upper part 
of the valley, and increases to about 800 feet above the mouth of 
McDougal’s Creek. In this portion the plateau is much cut up by the 
branches of the river. 


SALT RIVER RANGE. 


This range is one of the most complicated within the limits of the 
district, especially towards the southern end, where it merges into the 
commencement of the ridges that continue southward from this range 
and the Wyoming Range. Geologically, the direct southern prolonga- 
tion of the Salt River Range is found in the range that forms the divide 
between the tributaries of Bear River and Smith’s Fork and the branches 
of Ham’s Fork. The Salt River Range proper, from Smith’s Fork north- 
ward, has a length in our district of about 35 miles. It probably ex- 
tends 5 or 6 miles farther to the Cafion of Snake River. It is rough 
and rugged, but not heavily timbered. There is but one pass across it, 

30 GS 


Gray and blue limestones...--..-..---------.----- 
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and that is McDougal’s Pass. This is very high, reaching almost to the 
summit of the range. When we crossed, about the middle of July, we 
found the gorge at the head of the creek, on the west side of the pass, — 
entirely filled with an immense snow-bank, reminding one of a glacier. 
Whether it is or not could not be positively determined, as the snow 
obscured everything. It extended for several miles down the gorge. 
On a creek coming southward from back of Virginia Peak a similar 
snow-bank was noted. On its surface were rocks and earth, and at the 
bottom a mass of detrital matter resembling a small terminal moraine. 
It seems probable that this snow remains throughout the entire year. 
Whether there is any motion in these snow-banks I do not know. 
They may be simply compacted névés.. It is very improbable that they 
are glaciers. A broad Indian trail crosses the pass, following up Sickle 
Creek from John Day’s Creek, and thence down Glacier Creek into the 
valley of Salt River. 

Between the head of the first creek south of Sickle Creek and Mount 
Wagner the trend of the range is about north and south. North of this 
point it bends a little to the westward. In this southern portion of the 
range there is a rather steep front on the east side, and from this spurs 
extend toward John Day’s River, with bluff faces at the ends between 
the streams. The latter head against the main crest, back of the blufiy 
spurs. North of Sickle Creek these bluffy spurs have the dignity of a 
range, forming an unbroken crest, facing the valley of John Day’s 
River, with steep slopes. The trend of this range is north 15° west, 
and the beds dip south of west. Virginia Peak is. an outlying spur of 
this sub-range towards the north end. A station was made on it by Mr. 
J. KE. Mushbach, who reported the rocks to be limestones, dipping south 
of west, but at what angle he was unable to tell. The line of junction 
between the limestones and the deposits in the valley was obscured by 
the débris from the mountains, as at all other places along the east side of 
the range. He found quantities of fossils, among which Professor White 
has identified the following : 

Spirifer striatus. 

Spirifer (Martinia) planoconvexus. 

Zaphrentis 

Fenestella 
. Glauconome 

Spirifer 

Rhombopora 

Chonetes 

Syringopora 


? 


? 


? 


? 


These fix the age of the strata as Carboniferous beyond doubt. 

It is probable that a fault extends along this eastern side of the range. 
The range has been uplifted with a force that has thrown its component 
rocks into the sharpest of folds. If not a fault we would have to sup- 
* pose the uplift to have taken place in Pre-Cretaceous time, which is not 
at all probable. The regular front presented by the range also im- 
presses one with the fact of the presence of a fault. 

At the head of Sickle Creek, in limestones that are cherty, I found 
good specimens of Productus multistriatus. They occur in blue lime- 
stones just above a layer of quartzite. The structure here is somewhat — 
obscure, but I think the head of Sickle Creek is on the line of an anti- 
clinal fold which continues southward, soon becoming very sharp, and 
with the eastern side of the fold removed and perhaps complicated by 
a fault. This is rendered probable from the fact that Glacier Creek has 
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its head opposite Sickle Creek, and flows directly north in a cafion-like 


valley, which is on the line of what would be the fault, if extended. . 


Opposite the pass the crest of the range is the edge of a monoclinal 
fold, or what appears to be a monoclinal, for at this point there may 
be an obscure anticlinal, of which the upper members of the eastern 
half are removed. The western members present a bluff face about 400 


to 600 feet high, in which is the following general section, beginning at ~ 


the base: ; 
Section No. 13. 


1. Black shales. 

2. Massive limestones. 

3. Interlaminated limestones and shales; some of the latter are probably arenaceous. 
4, Reddish limestones and shales. 


5. Interlaminated limestones and shales, like those of No. 3, but probably more arena- _ 


ceous. 


At the base of layer No. 2 occurs Productus multistriatus. It is 
this layer that preserves the fold just east of the range. East of this 
the upper bed appears to be a quartzite, and below it occur the fossils 
found at Virginia Peak. ‘The fold is gentlest and broadest just south of 
Sickle Creek. On Station 56 the beds are steeper in their dip than at 
the pass. The following fossils were obtained in the beds of the section 
just given, occurring in layers 3 and 5: 


Aviculopecten pealei, n. sp. 
Gervillia, sp.? 


These are identical with species obtained from near Station 66, which 
have been identified as Lower Trias. 
. At the bend of Glacier Creek as we look north, the quartzites that 
cap the ridge running south from Virginia Peak appear to abut against 
the limestones of the main range, which are here folded into a very 


sharp anticlinal. The creek cuts directly across this fold. The dip of | 


the quartzites east of the anticlinal is about 30° towards the west. The 
eastern side of the anticlinal dips eastward 80°. As we approach the 
centre of the fold, this angle diminishes to 75°. On the west side the 
dip rapidly diminishes to 25°, and the creek soon crosses a rather broad 
synclinal. The rocks are massive limestones, some containing fragments 
of zaphrentis. Before leaving the cation the .stream crosses another an- 
ticlinal that is sharper than the first. The western members of this 
fold pass under the valley of Salt River. The section in the accompany- 
ing figure gives the structure of the range at this point. It represents 
a sharp fold at the east with the beds dragged rather than faulted. The 
latter was not actually observed at any point near here, and a fold was 
noted at several places. This, however, was the only point at which the 
range was crossed. Two stations were made in it, one to the south of 
Glacier Creek and the other north of it. 

Station 57 is located about eight miles north of Glacier Creek, just 
above the north line of our district. To reach the station from Salt 
River Valley, we cross the upturned edges of massive blue limestones 
that form a rather gentle fold along the western side of the range. On 
Station 57 the beds are almost horizontal, dipping slightly to westward 
or rather somewhat south of west, as the trend here is west of north. 
This is, therefore, the west side of the same anticlinal noted on Glacier 
Creek, near Salt River Valley. Here; however, it is much broader. 

According to Professor Bradley (Report United States Geological Sur- 
vey for 1872, p. 269) the valley of Snake River, below the mouth of Salt 
River, is located by an anticlinal fold. This is probably the northern 
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extension of the fold of the west side of the Salt River Range. It was 
impossible to determine from the station whether or not the sharp east- 
ern anticlinal extends northward or not; but the topography indicates — 
that if it does it becomes gentler. J ohn Day’s River may occupy its 
axis. The caiion of Snake River is only thirteen miles north of Sta- 
tion 57. Professor Bradley passed through this cafion in 1872, and says 
that three anticlinals are crossed, in the third of which (the most west- 
ern) there is considerable displacement. The investigations of Mr. | 
St. John in the region north of Snake River will probably throw some 
light on the structure of the northern portion of the range. All the 
rocks exposed in this portion of the range are probably of Carboniferous 
age; at least nothing more modern appearing north of Glacier Creek as 
far as Station 57. 

The sequence of the rocks at Station 57 is as oy beginning at the 
west and going down: 


Section No. 14. 


c Massive blue limestones, with fragments of corals, and an indistinct spirifer. 

Blue limestones, weathering light-yellow, with light bands. 

. Blue and yellowish limestones, i in rather thin bands that are highly fossiliferous. 
Dark-blue limestones. 

. Yellowish limestones, with perhaps bands of quartzite. These beds were seen only 
from a distance. 


OU 09 2D 


Layer No. 4 or No. 5 may possibly be the equivalent of the fossilifer- 
ous horizon of Virginia Peak. Layer No.3 represents the limestones 
outcropping on the station, about 150 feet in all, and containing fossils 

_at five horizons or layers, as follows: 


At the top, on layer 1, we have— 
Hemipronites crenistria. 
EHuomphatus 


Platycrinus 
Zaphrentis 


2 
2 


In layer No. 2, 50 feet lower down, occur— 
Hemipronites crenistria. 


Spirifer 2 
Murchisonia 2 
Synocladia 2 
Productus 2 
Euomphatus 2 


In layer No. 3, 40 feet below No.2 and 90 feet below the summit of - 
the station, the following occur: 


Murchisonia 2 
Huomphatus 2 
And a few feet below them— 
Spirifer 2 
Pretus 2 
2 


Streptorynchus 


In layer No. 4, 60 feet below No. 3 and 150 feet below the station, are 
the following: 


Productus 2 
Streptorynchus 


Ptylodyctia 2 


—? 
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These prove the Carboniferous age of these limestones, and it is prob- 
able that they represent the Coal-Measures. They are higher than the 
beds of Virginia Peak and below the beds in which fossils were found 
on the ridge north of Station 56. So much has the range been folded 
and eroded that the more definite place of the beds cannot be deter- 
mined with the limited data at our command. 

Station 58 is located about 13 miles south of Glacier Creek. The 
range here appears to be somewhat broader, and instead of two anticli- 
nals, we have here three. The section through the station is represented 

in an acconipanying figure. On the station is an outcrop of quartzite, 
which, as we trace it north, is seen to dip west, instead of east, as on 
the station and as shown in the figure. 

Five miles north of the station, therefore, the broad synclinal noted 

on Glacier Creek is still preserved. It is occupied by red sandstones 
that lie above the shaly and laminated sandstones and limestones of 
Station 56. The beds on the east side of the synclinal have a dip of 
about 65° and the west side 45° to 50°. The western anticlinal is here 
marked by high peaks, the line of the peaks being formed principally 
by the: eastern members of the fold. The axis, therefore, lies to the 
westward of the peaks, and, as seen from Station 58, the western side 
appeared to be very steep, the beds having an inclination of 70°, and 
those on the west an angle of only 25°. Following this fold southward, 
we find that opposite the point where the secondary anticlinal branches 
off, there is considerable crushing of the beds. The eastern side of the 
fold is made up of the limestones below the quartzite of Station 58. They 
have dips of 78° and 85°, and appear to be crushed against the beds on 
the western side, which dip west 40°. 

Following it south still farther we see it becoming more gentle and 
perfectly preserved, the axes east of the station being marked by several 
round-topped peaks. On the south side of Red Creek it is marked by 
two high and prominent peaks. The dip of the beds is only 25°, but, in 
addition to the limestones north of Red Creek, the overlying shales and 
sands and red sandstones are present. The fold becomes much less 
abrupt and probably disappears west of Mount Wagner. It has been 
persistent all along the west side of the range, but at Mount Wagner 
the secondary fold of Station 58 appears to have become the principal 
one, and forms the west side of therange. Taking up this fold, we find it 
branching from the principal fold about four miles north of the station. 
‘The limestones and quartzites which a little farther north form the 
eastern side of the main western anticlinal, dipping 50° to eastward, 
gradually become vertical, and even turn until they dip westward. The 
principal bed, by the curving or overturning of which this fold could be 
traced, was the quartzitic of the station. Two and a half miles north 
it dipped west 55°, and the limestones that in the broad synclinal north 
form the centre now stand on end. This, therefore, as is evident from 
the sections, cannot be a true fold, but an upturning of the beds, and 
the valley west of the station must mark the line of a fault, and the 
quartzite of the station is really a lower bed than the limestone which 
lies below it. : 

Following south of Red Creek, we have seen that the anticlinal to the 
west has broadened, and that between the line of faulting and the anti- 
clinal there is a broad synclinal. As we approach the eastern side of 
the synclinal the beds become steeper and steeper (increasing from an 

- almost horizontal position to 40°), and the faulting is gradually becoming 
a well-defined anticlinal fold. The beds appear to have regained their 
natural position four miles south of the station. At Mount Wagner the 
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fold, as seen from a distance, appears complete, and the red sandstones — 


are the only beds on the mountain that are broken through. On the 
east side the Carboniferous limestones appear to curve over uninter- 


ruptedly, the curve being abrupt on the east side. As far as seen, no 


Jurassic strata are involved in the folds of the range. The direction of 
the fault fold just described is a few degrees east of south. The fold 


continues southward beyond the head of Smith’s Fork, where it will 


be again considered farther on in this report. 

As we have already observed, the synclinal fold of Glacier Creek 
continues southward, and its influence is seen in the course of Shoshone 
Creek at its head. It flows northward along the western side of the 
ridge, extending south from Station 56. South of Shoshone Creek the 
depression is filled mainly with the red Triassic (?) sandstones. Hast 
of Station 58 the depression is narrow and the eastern side very steep. 
South the valley widens somewhat, but narrows again near Mount 
Wagner, and probably disappears south of that point. The anticlinal 
east of this depression was not crossed, but it is probably very sharp 
and much eroded. Looking at the range from the Wyoming Range, 
a bluffy face is presented, back of which sharp peaks rise. These are 
the summits that mark the anticlinal crest. The following general sec- 
tion was made at Station 58, and corresponds with the figures in an 
accompanying plate, the letters identifying the beds: 


Section No. 15. 


ily MEISE) MTGE) Go noo5 bboo0n boDbbS Hoo0 Sooo e5os5 Shes Ssouso Sosoas to st05 
2. Gray shaly sandstones and limestones. These are in all probability the 

beds that outcrop on Station 56, and contain the fossils given in the sec- ss 

tiomi(No; 13) of those beds). sem. seein ce eieesteeae eee evelete aioe eaieeeiee 
3. Red sandstones and shales, probably Triassic ...-.....---------0-------- b. 
A Same aswNono, Only, reversed. amy Gilpin. eos seem tani inleai le ese mien i 
Dwoameyas) NO. 12, PEvierse dain Giip) ts ae |te oem lets sieiatce sine tee iey =i i eee Gs 
6. Massive limestones. The portion nearest No. 5 being the same as those of 

layer No. 1. They stand almost on end in the centre, but dip westward 

as they are followed toward the station, showing an overturn.......-.- d. 
Lee QU ar b7beSe xc sos arte skier stems seicle aba ek -esathilers Galilei nat fetes bebtecremtee e. 
8. Massive; blue dJimestomes 2 25 ncdsis evs ce Sarai sie apes eieleiacinies oe alee laee ein Sc oe ussens iis 
9. Yellow and gray shales and limestones ..--.. ..--.. .. 2-22-20 cee poe ween gs 


The following section was made from a point west of Station 58 to the 
valley of Salt River. Beginning at the west, we have: 


Section No. 16. 
. Limestones. 
. Shales. : 
. Red sandstones. = 
Quartzite. 
. Blue limestone. 
Sandstones. 
. Blue limestone. 
. Sandstones. 
. Red sandstones. 
. Limestone shales. 
. Blue limestones, in which a Productus was found. 
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These beds all dip westward at high angles, and against them abut 
beds of which the following is a general section, beginning at the top: 


. Section No. 17. 
1. Blue limestone. 
2. Red sandstone. 
3. Biue limestone. os 
4, Greenish and gray limestone. 
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The thickness of the beds in the first of the two sections just given is 
about 4,000 feet, taking the average angle of dip at 50°. In the second 
section we have about 1,000 feet. 

The heights of the peaks i in the Salt River Range are from 9,325 feet 
to 10,988 feet. The greater portion of its drainage i is towards Salt River, 
very few of the streams on the east side cutting into the head of the 
mountains, as the western streams do. 


SALT RIVER. 


This is one of the important southern branches of Snake River. It en- 
ters the latter a few miles north of our district. Its extreme sources are 
opposite those of the Western fork of Smith’s Fork of the Bear, south of 
Mount Wagner. 

Its valley is divided into two portions by a broad plateau-like mass of 
hills that branch from the Salt River Mountains. Through these hills 
the river flows in a low cafion. 

‘The entire length of the valley in our district is about 38 or 40 miles 
and the average width about 5 miles. The soil is coarse and gravelly, 
especially in the lower valley. Itis covered with abundant grass of excel- 
lent quality. The upper valley is about 22 miles in length and about 3 
miles in width. The course of Salt River before it enters this valley is 
west of south. Rising east of Mount Wagner it flows parallel to the 
waters of Smith’s Fork for about 7 miles, when it turns abruptly, making 
an angle of 40°, and flows west of north. At the mouth of Wagner 
Creek it turns more to the north and keeps a nearly uniform course to 
the mouth of Smoking Creek, which comes in from the west, just above 
the canon already referred to. ’ This upper valley appears to be located by 
an anticlinal from which the beds have been mostly removed. We find 
indications of this anticlinal at the head of the caion on its east side, 
and along the east side of the valley the same gray sandstones and 
limestones are seen dipping in towards the mountains, as noted in the 
section given on page 550. 

What these beds are I was unable to determine, and in Mr. St. J ohn’s 
district they occurred with a great thickness, and he was unable to posi- 
tively identify them. They resemble the beds noted to the southward 
on Smith’s Fork, and the strikes prolonged evidently fall on the same 
strata. In the latter region I obtained Laramie fossils from the central 
beds, and I think the whole series below the Laramie to the Jurassic is 
present on the east side in that locality. These beds will be discussed 
again under the head of Smith’s Fork. 

The Lander cut-off road comes down the Upper Salt River Valley and 
crosses to Smoking Creek before it reaches the cafon. This portion of 
the road is used very little. The caiion on Salt River is six or seven 
mniles long and about 1,000 feet deep. Shoshone Creek joins Salt River 
about the middle of the cafion. The lower valley of Salt River con- 
tinues northward from the cation until it is merged in the valley of 
Snake River, which has the same direction. The | valley in this lower 
portion is terraced. Between Glacier and Strawberry Creeks the soil 
is gravelly, and the surface strewn with limestone pebbles and bowlders. 
Although this portion of the valley is unfitted for agricultural purposes _ 
it is covered with good grass. The valley is about six miles wide at the 
widest part, and the elevation is about 6,000 feet. The river is crowded 
_ to the west side, close to the rolling hills that separate Salt River from 
the branches of the Blackfoot. In this lower valley, on the east side, a 
conglomerate shows at the edge of the mountains at several points. 
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The beds that dip eastward against the limestones at the mouth of 
Red Creek, appear.to have been eroded here, and this conglomerate de- 
posited on the top of it. This conglomerate is horizontal and shows also 
on a butte between Glacier Creek and Salt River. It is made up of 
pebbles of limestone of all sizes and shapes. The plateau-like mass, ex- 
tending west from the Salt River Mountains north of Glacier Creek, 

appears to have been the northern limit of the lake in which the con. 
glomerate was deposited, as no remnants were seen in the upper valley. 

The strike of the beds in the plateau of the caiion appears to be a 
few degrees west of north. At the head of the cafion the river is a 
little west of the anticlinal axis which, I think, crosses the river some 
distance below. ‘The river from here has a dir ect northern course to its 
mouth. The influence of the strike of the beds in these hills is seen in 
the creeks in the upper valley coming in on the east side. These are 
Wagener Creek and Red Creek. 

Wagner Creek is formed by two branches, which j join near the mouth. 
The southern branch is the largest. It drains the country north and 
west of Mount Wagner. Its extreme sources are in the very centre 
of the range, the geology of which has already been given. The north- 
ern branch heads on the western slopes of the mountains. As these 
creeks emerge from the foot-hills they are fowing about due west, but 
they soon turn and flow northwest. 

Red Creek is a few miles north of Wagner Creek. Its sources are in 
the red beds of the synclinal depression east of Station 58. Collecting 
water from north and south it flows slightly south of west in deep cafion 
for six or seven miles. Immediately on leaving the foot-hills it turns to 
the northward and flows northward and westward to its mouth, which is 
between the mouths of Clear Creek and Crow Creek. In this portion 
of the valley there is considerable swamp and marsh, and the under- 
lying beds are covered with drift. 

Clear Creck rises east and north of Station 58, in a rugged portion of 
the range. It cuts its way out in a deep and almost inaccessible cation. 
Its course in the valley is straighter than that of Red Creek, and more 
nearly westward. 

Traces of old beds for these creeks can be seen in the valley. 

Shoshone Creek, as we have already noted, cuts through the plateau. 
Tts head is approximately parallel to that of Glacier Creek. Thestream 
was not followed but simply crossed near the mouth, where its course is 
about due west. Nearly all these streams have fringes of willows and 
a few cottonwoods on their banks. 

Glacier Creek.—This creek was named from the two glacier-like masses 
noted on two of its sources. These have already been described. This 

-ereek is the one the Indian trail from John Day’s River follows to the 
valley of Salt River. The cafion is very rough, and the trail rather dif- 
ficult. We were obliged to cut out the brush ‘at several places. It is 
also very rocky, especially below the point where the creek turns to the 
eastward. Its head is on the line of the anticlinal that marks the east- 
ern crest of the Salt River Range. Following this line on the line of a 
probable fault, for about four miles, the creck turns to westward across 
the abrupt anticlinal already described. It is here that the cafion is 
roughest, ‘and the creek descends most rapidly. From this point it 


crosses a broad synclinal of Carboniferous limestones, from the centre of 


which very little has been eroded. Finally, the anticlinal forming the 
west side of the range is crossed, and outside abutting against these 
limestones is the Salt River Conglomer ate as [havenamed it. The trail 
crosses over this on the north side of the creek. The change from the 
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_ snowbanks at the head of the creek, and the gloom of the cation, to the 


grassy valley, broad and sunny, was a startling one. In the valley there 


‘is a straggling growth of cottonwoods along the creek, the spaces being 
‘filled with willows and other brush. The creek flows rapidly, and its 


bed is very rocky, without any bordering grassy meadows. 

Between Glacier Creek and Strawberry Creek the valley is broad and 
level. 

Strawberry Creek rises south of Station 57, and is the only creek that 
reaches Salt River in this part of the valley. A number of creeks come 
out from the mountains but sink before they reach the river. From the 
hills anumber of old creek-beds can be distinctly traced by the line of 
cottonwoods, most of which are dead, the withdrawal of the water hav- 
ing killed them. On the west side of this lower valley of Salt River a 
large number of small streams come from the hills to the westward, but 
none of them were visited, The strata composing the hills are evidently 
the same as those outcropping farther south on Crow Creek and Beaver 


Creek, but the area between Smoking Creek and Salt River was not 


traversed by us, so that nothing definite can be said regarding its geo- 
logical features. Mr. St. John made a section across a portion of the 
region north of this, and this section indicates the rocks to be similar to 
those noted in Salt River Canon at the lower end of the upper valley. 

In the upper valley there are two large creeks joining Salt River from 
the west, viz, Crow Creek and Smoking Creek. Crow Creek is joined 
a few miles above its mouth by Beaver Creek. . 

Beaver Oreek.—Beaver Creek rises in the low, rounded hills east of 
the head of Crow Creek and north of the divide between Crow Creek 
and the branches of Thomas’s Fork of Bear River. At the head there is 
a marshy valley with a north and south direction. The stream here 
flows a little east of south. This valley marks an anticlinal. The few 
outcrops that can be seen in the hills on the west side of this valley in-’ 
dicate a western dip, while on the east side the recks are dipping east 
in a ridge extending northwest and southeast. Hast of this is a second 
ridge with dips in the same direction. The beds are coarse conglomer- 
ates, sandstone and limestone pebbles being included. On a third ridge 
a location was made on a coarse conglomerate containing pebbles of 
limestone, quartzite, and red sandstone of all sizes and shapes. The 
beds are pink and reddish in color and are probably the northern con- 
tinuation of similar beds seen on Thomas’s Fork north of Station 41. 

The station just referred to is near the line of a synclinal axis, for ona 
station just north and a little east we have the conglomerates dipping 
west; and east of Beaver Creek here is probably an anticlinal in the gray 
sandstones. At the second location just mentioned we have the follow- 
ing beds, showing : 

Section No. 174. 


1. Gray sandstones outcropping on both sides of Beaver Creek. 
2. Greenish-gray sandstones forming a hogback-like ridge. 

3. Reddish sandstones and conglomerates. 

4. Coarse conglomerates of the location. 

South of these two locations, Beaver Creek flows towards the east 
until gradually it begins to turn northward, and flows northward in a 
monoclinal of gray sandstones. It finally cuts across an anticlinal to 
its mouth. This anticlinal is probably the anticlinal of station 41 with 
the beds of the station removed. The divide south of the locations was 
so high that they could not be traced between the points. Putting 
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down both strikes on the map, it seems probable that they connect the 
two localites. 

Crow Creek.—Crow Creek rises opposite the head of Preuss Creek. | 
It receives its water mainly from the eastern side of the Preuss Range. 
In this portion of its course the creek flows northward. The range on 
the west is composed of Carboniferous limestones in almost vertical 
position, dipping about 80° or 85° to the eastward. On the east side of 
the creek occur the beds that have been noted on Beaver Creek. The 
relation between them and the limestones of the range could not be de- 
termined. I think that between Beaver Creek and Crow Creek there is 
a synclinal and perhaps an anticlinal. On receiving a large branch from 
the Preuss Range, Crow Creek turns eastward, and soon crosses the anti- 
clinal of the head of Beaver Creek. A few miles below, two creeks come - 
in nearly opposite each other. The one from the south occupies the 
synclinal noted at the two locations made in the bend of Beaver Creek. 
Between this point and the valley of Salt River there are two anticlinals 
and a broad synclinal. The eastern anticlinal forms a rounded hill 
facing Salt River Valley. It is composed of greenish-gray sandstones. 
The section from this hill to the beds of the central portion of the anti- 
clinal is the following: 

Section No. 18. 


. Greenish-gray sandstones with bands of shale. 
. Purplish and reddish sandstones. 

. Conglomerates. 

. Red sandstones. 

. Gray shales. 
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The red sandstones, No. 4, and conglomerates, No. 3, are probably the 
same as noted on Beaver Creek. 

On the north branch of Crow Creek the conglomerates dip eastward 
on the east side. On this creek, near the main stream, there are remnants 
of old spring deposits forming dams of calcareous tufa across the creek. 
The beds on the west side dip west. On a station at the south end of the 
ridge, Mr. Mushback observed limestones, probably Carboniferous; and 
on a Station north of this, but probably east of the axis line of the ridge, 
Mr. Gannett noted sandstones, but of what age I could not determine. 

The valley on this branch of Crow Creek is broad and well grassed. | 
A number of small branches come in from the west. 

Smoking Creek.—This is the only large branch of Salt River not yet 
described. It drains the country north of Crow Creek, and consists of 
two principal branches, one coming from the north having its sources 
opposite those of the Blackfoot River, and the second coming from the 
south through a broad valley similar to the one on the branch of Crow 
Creek last described. When these two streams unite the direction is 
changed to east, and the stream formed forces its way to Salt River 
through a cafion cut in low rolling hills. It is in this region that the 
salt beds occur, from which Salt River derives its name. On the west 

side of Salt River, below the mouth of Smoking Fork, there are salt flats, 
and where the two branches of the latter stream unite above the cation 
there are numerous salt springs. Here is where the old salt works were 
located, at the point where the old Lander road crosses the creek. 

In the bluff east of this place red and gray sandstones are seen dip- 
ping eastward. The reddish beds are below, and seem to be the ones 
from which the salt is derived. Farther east an anticlinal fold was seen. 
This region was not thoroughly explored, as time did not permit our 
going through these hills. The evident structure, however, is a series 
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_of gentle folds in the gray and reddish sandstones. and conglomerates 

noted farther south. North of our district the beds occur also, and were 
doubtfully referred to the Cretaceous by Mr. St.John. We did not find 
any fossils in them, and cannot, therefore, refer them positively to that 
age in our district. The salt works are situated on the North Branch a | 
mile or two above the junction of the streams. The company is termed 
the Oneida Salt Works Company, operated by B. F. White, of Malade 
City, Idaho. 

The following information was obtained from Mr. G. W. Gordon, who 
was in charge when we passed _the works: There are several springs, 
but only one was being used. No pumping is required, but the water 
is run through wooden troughs into three vats. Two hundred thousand 
pounds per month was the yield, at an expense of about $20 per day. 
The force working was ten men, a portion being employed in cutting 
wood in the adjacent hills. This force would be reduced to five men 
after the wood was cut. At theworks the salt was sold for 14 cents per 
pound. When delivered by the company the price, of course, is depend- 
ent on the distance from the springs and the mode of sacking. The 
principal market for the salt was Idaho and Montana, large quantities 
being sent to the mining regions. The wagon road (Lander’s cut-off) 

- passes the works and follows up the creek from which it crosses to the 
head of the main Blackfoot. 

At the head of Smoking Creek we made two stations (Nos. 63 and 64). 

On Station 63 gray sandstones outcrop, dipping steeply to the east- 
ward or northeastward, and a short distance south on the ridge they 
dip steeply to the west. Above them are red sandstones, also dipping 
west or southwest. On Station 64 the dip is west, so at Station 63 there 
is evidently an overturn. Below the stations is a steep bluff, facing the 
northeast. Reddish beds outcrop at the foot of the bluff, and there ap- 
pear to be salt springs along its edge. Between the stations and the 
wagon road are shaly limestones, dipping southwest. Above them are 
coarse conglomeratic sandstones. These beds have the appearance of 
Jurassic strata, but no fossils were found to prove it. Following down 
the ridge from Station 64 the strike appears to curve to westward and 
southward. On Station 67, which is between the Blackfoot and the 
head of Smoking Creek, there is a dip to the northeast, so between Sta- 
tions 63 and 64 and Station 67 there must be asynclinal.. On the latter, 
the beds, as seen from a distance, and from descriptions given by those 
who were on the station, must be the Triassic red sandstones. There 
has been some crushing and folding in this region, but we could not 
spare the time to investigate it. Farther south on the ridge the dip in 
the sandstones (at Station 62) is also toward the east, but the inclination 
appears to be more gentle than it is to thenorthward. Therange, there- 
fore, is a monoclinal as we view it from the west, but toward the east 
there is a broad synclinal. The strike of the beds appears to curve from 
east of south to south and west of south as we follow the ridge south- 
ward toward Crow Creek. ; 

These folds will be referred to again when describing the Blackfoot, 
as they are developed between the branches of that stream which head 
in the spurs of the Preuss Mountains. 

We have therefore seen that the country between the Salt River 
Range and the Blackfoot is filled with gently-folded rocks, forming com- 
paratively low, rounded hills. The rocks, especially those west of Salt 
River, seem to indicate deposition in rather shallow seas. A fault ap- 
pears to extend along the western side of the Salt River Range, while 
the relations between the faulted beds and the Preuss Range are not 
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apparent. Toward the north there is considerable complication. The 
cause of some of this complication is, perhaps, to be found in Mr. St. 
John’s district in the uplift of Caribou Mountain. ile be yf 

After the elevation and folding of the beds, a lake filled the lower 
valley of Salt River. Since the draining of this lake its deposits have © 
nearly all been removed. As to its age, we have no certain clue. The 
probability is that it was Post Pliocene. 

As to the age of the conglomerates, red sandstones, and gray and 
greenish shales which enter into the structure of the hills on Crow, 
Beaver, and Smoking Creeks, we are in doubt; but the probability is 
that they represent the Cretaceous and Post Cretaceous. Near Station 
41 Laramie fossils were obtained; and Mr. St. John obtained a leaf of 
Cretaceous facies farther north from the similar beds. i 


BLACKFOOT BASIN. 


Blackfoot River is a large stream with a most eccentric course. The 
main stream heads opposite the heads of Smoking Creek. Curving around 
the dividing ridge which separates them, it flows south into the northern 
portion of the valley of the East Fork of the Blackfoot. When the lat- 
ter stream joins it, it turns abruptly and forces its way in a cailon across 
the ridge that forms the western boundary of the valley, flowing south- 
west until the South Fork comes in, when it turns to the northwest, 
keeping that course until it is jomed by a branch from the north, when 
it flows westward into the broad plain-like valley which has been called 
the Hollow Hand. Through this it flows sluggishly with northerly and 
northwesterly courses to the north line of our district. Here it turns 
once more, flowing south of west, and finally leaving our district with a 
northwest course among the spurs of the Blackfoot Range. The most 
noticeable feature of the Blackfoot region is the basin-like character of 
the country. Hitherto we have crossed a succession of mountain ranges 
alternating with broad valleys whose directions are parallel to the axes 
of the ranges. Now, however, the valleys assume different directions. 
The only regularity or system is seen in the southern or southeastern 
branches, which rise in the spurs of the Preuss Range. I shall take up 
these in order. 

Hast Fork of the Blackfoot.—This creek is, in reality, the head of the 
river, although its course is at right angles to the course taken below its 
mouth, while the stream from the north does not make so abrupt an 
angle. 

The direction of the valley is northwest. Viewed from a high point, 
it is seen to be the same as the direction of the valley of Smoking Creek 
and that of the South Fork of the Blackfoot. It is about a mile in 
width in the widest portion of the upper valley. This narrows a little 
as we go down, but widens again, until in the lower valley it is between 
two and three miles. Here there is considerable swamp and marshy 
ground, and the streams are divided, enclosing islands. On the north 
side of the Blackfoot, near the mouth of the East Fork, there is a table 
of basalt, which extends down the river as far as the head of the cation. 
The valley of the East Fork was not followed, but, as seen from the 
surrounding ridges and hills, its beds must be concealed. On the east 
side is the ridge forming the divide on the west of Smoking Creek. Red 
sandstones, probably Triassic?, outcrop at the top of the somewhat 
bluffy face fronting East Fork. Carboniferous limestones, probably, 
outcrop in the lower part of the bluff. The dip of the beds is to the 
eastward, and the same dip is noted in the ridge on the west, so. the 
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valley is a monoclinal valley. The ridge on the west side is the north- 
ern continuation of the Preuss Range. The cafion of the Blackfoot 
marks a point of curving in the strike. The caiion is cut in the western 
portion of the ridge, and the limestones through which it is cut dip to 
the southwest. Following the ridge to the south, the strike is seen 
curving to the south. A station was made on the ridge nearly opposite: 
the head of the East Fork. Light-colored limestones formed the sum- 
mit, with underlying quartzites. In the limestones I obtained— 


Hemipronites crenistria. 
Rhombopora lepidodendroides. 
Productus, like P. costatus. 


These proves their Carboniferous age. The beds dip steeply to the 
northeast. The hills just east were too high for us to see definitely the - 
geological structure in that direction, and it was storming too hard to 
allow us to follow the ridge northward from the station. As seen from 
the valley on the west, the northern portion of the ridge has the strata 
dipping west. This dip also is seen in the cafion of the Blackfoot, as. 
already noted. Another station (b) was made six miles farther south, 
on coarse, arenaceous limestones, the strike being a few degrees east of 
north, and the dip a few degrees north of west. Between the two sta- 
tions (a and b) there must, therefore, be a curve in the strike. 

It is evident, from what was observed, that this ridge is a sharp anti- 
clinal, with a slip in the beds on the west side, as indicated in the accom- 
panying illustration of the section. The western side of the ridge is a 
bluff face, rising 1,200 feet to 2,000 feet above the valley. It increases 
in elevation southward. In the southern end of the range the western 
members of the anticlinal form the principal mass of mountains. On 
Station 61 the limestones are nearly vertical, dipping a little north and 
west. Station 60 is a short distance south and west of Station 61, and 

.there the limestones dip steeply to the westward. From the latter sta- 
tion Mr. Gannett brought in an indistinct fragment of a fenestella?. 
South of Station 60 the topographical features indicate that there may 
be a curving of the beds to the eastward, implying some connection . 
between the Preuss Range and the Sublette Range. The region between 
the two was, however, not visited, and this opinion is therefore merely 
conjectural. I have considered the Preuss Range at this place because 
it has seemed the most natural, as the ridge west of the East Fork of the 
Blackfoot is its northern continuation. I shall speak of it again when 
speaking of the drainage of Bear River. 

Middle Creek—This name I have applied to the stream coming into — 
the river between the East Fork and the South Fork. The stream is 
small and unimportant, but the valley or depression is a large one, and 
continues southward beyond the head of the creek parallel to the high 
ridge which rises above its eastern side. The valley is parallel to those 
of the East and South Forks. Its length is about 14 miles altogether, 
while Middle Creek has a length of about 64 miles. In the upper por- 
tion of the valley is a creek having approximately the direction of Mid- 
dle Creek. Seen from any of the surrounding points it appears to be 
the same stream, but when followed is seen to cut across the western 
ridge to the South Fork of the Blackfoot. 

' This upper valley was perfectly dry when we traveled up it about the 
middle of August. North of it is another creek which rises against the 
bluffy wall on the east side of the valley and flows directly across the 
ridge parallel to the creek just described. From this stream a range of 
low hills extends northwestward to the Blackfoot. This range is a syn- 
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clinal with the western side most prominent. ‘The valley of Middle 
Creek is therefore a monoclinal. About two miles south of the most 


northern of the two creeks that cut through the ridge a station. was 


located. Gray sandstones dipping rather steeply to the northeast formed 
the summit. Below these, near the base of the hill on the west side, was 
an outcrop of limestones dipping in the same direction, and containing 
the following fossils: 

Meekoceras aplanatum. 

Meekoceras gracilitatis. 

Aviculopecten altus. 


These prove the beds to be of probable Triassic age. The outcrops 
are few and somewhat obscure, as the hills are rounded in their outline. 

The axis of the synclinal lies to the eastward of the line of the ridge. 
To the southward the hills: disappear and the synclinal cannot be defi- 
nitely traced. There are traces of a synclinal west of station b, which 
may be the same one, but its relations are obscure. 

South Fork of the Blackfoot—This is probably the most important 
branch of the river. It is made up of two creeks, one rising in the angle 
between the Preuss Range and Aspen Ridge, opposite the head of Twin 
Creek, and the other draining the western slope of Aspen Ridge. The 
two valleys are in general parallel, and are separated by a spur from 
Aspen Ridge, which is probably an anticlinal axis. The western branch, 
about eight miles below its head, turns to the eastward and cuts acros 
this ridge to join the eastern branch. Directly north from the bend, and 
continuing the line of the valley, is a small branch of the Blackfoot 
separated from this stream by a low divide. 

The main branch has a length of some 15 miles. For the most part its 
valley is broad and well grassed. Two of its branches, as we have already 


-noted, come from the eastward through the ridge that bounds the valley 


on the east. On the west side of the valley below the mouth of the west- 
ern branch the beds exposed in the bluff dip north of east, and in the 


divide east of Station 89 the dip is south of west, so between the two 


points there must be an anticlinal, which is probably the same as that in 
the hills separating the two branches of the South Fork. The western 
branch probably occupies the anticlinal axis just before it cuts across to 
join the eastern branch. The rocks are probably all Jura-Triassic. In 
the valley of the Blackfoot opposite the mouth of the South Fork there 
are isolated patches of basalt showing on the north side of the river. I 
could not determine the presence of basalt on the south side, and it pro- 
bably does not occur on that side of the river. 

Aspen Ridge.—This ridge forms the divide between the South Fork of 
the Blackfoot and Bear River. It is a spur from the Preuss Range. Its 
trend at first is about northwest, but as it is followed it turns slightly to 
the northward. It is about 24 miles in length. The southern end near 
the Preuss Range is heavily timbered and the geological structure some- 
what obscured. There are probably two-anticlinal folds between the 
Preuss Range and the valley of Bear River; the western one is probably 
considerably eroded. 

On Station 90 there are sandstones and limestones outcropping con- 
taining Ostrea strigulecula and obscure Jurassic forms. These beds are 
so covered that the dip cannot be determined, but on the hill west of the 
station it is south of west, or west, and in the cafion leading down from 
the station to the Sulphur Springs the dip is, in general, west. Near the 
foot of the caiion, however, we cross limestones with a strike of north 
7° east. Before reaching this point the beds are dipping west about 50°. 
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This increases to 80°, and we cross a synclinal axis, the west side of 
which ‘dips south of east 50° to 60°. The beds in which these strikes 
and dips were observed were massive limestones, probably Carbonif- 
erous. The strikes continued southward would fall on the hills west of 
Bear River. It seems probable that a short distance north of this cafion 
the beginning of a secondary anticlinal might be found. 

On Station 89, sandstones and limestones, like those of Station 90, 
outcrop, and contain similar indistinct fossils. The dip, however, is 
north 42° east, or at right angles to the trend of the range from this 
point to the Blackfoot. West of the station it is difficult to determine 
the dip, but it appears to be toward the southwest. If this be so, the 
station is almost on the line of an anticlinal fold, and Station 90 is also 
probably on the same line. East of Station 89 a westward dip was 
noted. 

South of Station 90 the ridge presents a somewhat bluff face toward 
the valley of the South Fork of the Blackfoot, and the dip is probably 
to the southwest, but of this I cannot be certain, although the bluff face 
would seem to indicate it. At the northern end of the ridge Mr. Gan- © 
nett found a capping of basalt 500 or 600 feet above the level of the 
valley. Limestones outcropped beneath the basalt. 

Reviewing this region of the southern branches of the Blackfoot, we 
find it to consist topographically of four wide valleys and four ridges or 
spurs from the Preuss Range. The crests of the most eastern and the 
most western are separated by an interval of about eleven miles. The 
ridge on the west is 8,448 feet high in the highest part, and that on the 
east 8,879 feet. The two ridges between are low and present rounded 
outlines, and the valleys are broad and well grassed. 

Geologically we find a series of anticlinal and syneclinal folds. The 
streams sometimes occupy the axes of the folds, and sometimes are in 
monoclinals. There are at least three anticlinal axes that are parallel, 
having the general direction northwest and southeast. ‘These are sepa- 
rated by corresponding synclinals. In the eastern anticlinal there is a 
slip in the beds, as shown in the accompanying plate, which gives a bet- 
ter idea of the structure of this region than can, perhaps, be given in 
words. 

Another thing that is noticed is the gradual curving in the strata. 
Strikes which farther south are approximately north and south now 
curve to the westward, until by the time our north line is reached the 
strike is northwest and southeast. The cause of this change may, per- 
haps, be looked for in the uplift of the Teton Range in Mr. St. John’s 
district. ; 

With exception of the northern end of the Preuss Range, the rocks 
are mainly those of the Jura-Trias, as determined by the few and indistinct 
Specimens secured. On the west side of Aspen Ridge a limited outcrop 
of Carboniferous appears, the massive limestones occurring there having 
been so referred on lithological grounds. 

Toward the south the low rolling ridges culminate in the rugged peaks 
of the Preuss Range, much narrower, but attaining a greater height. 
Northward we find them dying out, and forming isolated hills and short 
ranges in a basin-like region, the lower places being filled with basaltic 
flows and drift deposits. 

This region would form a most excellent summer range for cattle. It 
is a little high for general agricultural purposes. 

Northern branches of the Blackfoot—There are two good-sized creeks 
having their origin in the hills south of John Gray’s Lake. The most 
eastern of these has a southeasterly course. It heads in rocks of Jura- 
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Triassic age, south of Station 8s and qe entire course is probably in rocks. 
of the sameage. Nearits mouth red sandstones outcrop, dipping at right 
angles to the course of the river; 7%. ¢., to the northeast. North of this. 
stream two small and unimportant creeks flow into the Blackfoot. West. 
of it there are two more, one joining above the caiion and the other below.. 
Then we reach the stream that comes from Station 65 and flows south- 
wardly into the Blackfoot, joining it opposite the northern end of Aspen 
Ridge. The region between these two principal creeks is eroded into. 
ridges composed of Jura-Triassic and Carboniferous rocks, the continua- 
tion of those between the southern branches of the river. ’ Only two sta- 
tions were made in this region, viz, Nos. 65 and 66. They were located on 
the ridge south of John Gray’s Lake. Station 65 is near the north end of 
the ridge on limestones with a strike of south 33° east, dipping at an 
angle of 55°. The strike curves to the eastward at the southern end of 
the ridge, making an acute angle with the trend. Above the limestones 
there are quartzites, and above the latter very dark blue limestones. The 
lower limestones are probably the upper part of the Carboniferous. In. 
-them at several places I noted the occurrence of oval concretion-like- 
masses arranged in concentric rings. I am inclined to regard them as. 
fossil remains rather than concretions, as I noticed a number of them — 
branching. They appear to cross the lines of siratification. 

The following general section was made in which the thicknesses are- 
only estimated : 

Section No. 19. 


Base. Feet. 

1. Massive limestones onncroMpIng on Station 65. Could not trace the beds 
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In stratum No. 5 the following fossils were rane. 
Meekoceras* gracilitatis, White. 
Meekoceras mushbachanus, White. 
Arcestes? cirratus, White. 
Arcestes, two species. 
Humicrotis curta, Hall. 
In, No. 6 three or four undetermined conchifers and a new species of 
Aviculopecten were found. 
In No. 7 the following: 
Eumicrotis curta, Hall. 
Aviculopecten idahoensis, Meek. 
And in No. 8, near the top: 


Terebratula senisimplex, White. 
Terebratula augusta, Hall. 
Aviculopecten idahoensis, Meek. 
Gervilia and undetermined conchifers. 


The discussion of the age of these beds is left to a future chapter. 
The ridge presents the appearance of ‘a monoclinal as do all the iso--_ 


*The genus Meekoceras is a new one established by Prof. A. Hyatt. (See Bulletin. 
U.S. Geol. Survey, vol. v, No. 1, 1879, p. 111.) 
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lated ridges in this region. In the low hills east of the head of the 
creek draining into John Gray’s Lake, dips to the west and northwest 
are seen, with what appears to be a curving in the strata towards the 
south and west, as if it were connected with the curving noted on the 
ridge of Station 66. There is here, therefore, evidently the southern 
end of an anticlinaJ. Only a small portion of the eastern side is appar- 
ent here. It consists of Jura-Trias sandstones in which occur a number 
of indistinct fossils, among which a Tanerediu was all that could be 
identified. The western members of the anticlinal therefore form the 
ridge.- Northwest of this ridge on the west side of the lake, in Mr. St. 
John’s district, is another isolated ridge. In this the eastern members 
form the ridge. Between the two ridges there is probably aslight curv- 
ing in the axis. West of this ridge is another, seen by us only from 
’ Stations 65 and 66. It is broader but appears to show the same mono- 
clinal structure, although it is in reality the western side of another 
anticlinal. Northwest of this is another isolated ridge in Mr. St. John’s 
district, composed mainly of Carboniferous beds, a small area of Jura- 
Trias showing on the east side. On the west side of the Blackfoot is 
still another of these isolated mountain ridges on which Station 70 was 
located. ‘This will be referred toagain further on. There canbe nodoubt 
that these beds are the same that are exposed south of the Blackfoot, and 
that these isolated hills and ridges are the eroded remnants of the anticli- 
nals that form the ridges between the southern branches of the Blackfoot. 
The surrounding valleys are filled with basalt which extends up on the 
flanks of the ridges. This basalt occupies also the valley of John 
Gray’s Lake. The region southeast of John Gray’s Lake is occupied by 
rocks of Cretaceous? and Jurassic age. There is considerable compli- 
cation in the region just northeast, which made it difficult to determine 
the age and relations of these beds in the hurried examination we were 
obliged to make. Mr. St. John’s report on the region immediately north 
will throw considerable light on the structure of this region, as the cause 
of the disturbance lies within his district. 

West side of Blackfoot River—When the Blackfoot emerges from the 
ridges and comes out into the broad open valley, or ‘“‘ Hollow Hand,” as 
it has been called, it flows in sluggish course through broad meadows 
and marshes. On both sides are seen the edges of the basaltic plain 
that forms the ‘“ Hollow Hand.” On the east side of the Blackfoot the 
flow appears to have come mainly from a point about five miles back of 
“the river. Here two crater-like hills were seen. Near the north line of 
the district another crater was observed. 

Southwest of the Blackfoot there are at least two craters. On one of 
these a station was located. It is circular and rises about 500 feet above 
the surrounding surface. On the summit is a circular concavity 130 
yards in diameter. It is from 10 to 20 feet deep, and the rim is about 
50 feet in width and made up of black, red, and yellow scoriaceous 
basalt. Basalt surrounds the cone, and on the east side seems to have. 
an inclination away from the cone in a succession of layers. On the 
west this is not noticed, as the other cone is only a little more.than two 
miles distant. The latter is not so regular, its sides appearing to be 
much broken down. 

About four miles southeast of these two cones a station was made on 
a high butte which, judging from the specimens brought in by Mr. Mush- 
back, is either a crater or the remnant of one. The scoriaceous rocks 
from the summit were all light colored, having a glassy appearance 
under low-power glasses. 

Scoriaceous rock is found on the basalts at several places, and a vol- 
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canic ash occurs with it on the Blackfoot. Between the buttes north of 
the station is a circular depression occupied by a lake. It also has the 
appearance of an old crater. 

The Great Basalt Plain extends westward to the east base of the Soda 

‘Springs Hills, and a flow of basalt passes through a depression in them 
te Basalt Valley, where it forms the plain between the Upper Portneuf 
Valley and Gentile Valley, on Bear River. The gap through which the 
basalt poured is southwest of the craters. It is cut through Carbonifer- - 
ous limestones and is only about a mile in width. Southward the flow 
extended via Soda Springs Valley into the valley of Bear River, connect- © 
ing along that stream with the Basalt Valley flow. 

There is no drainage outlined on the basalt in the basin of, the Black- 
foot. All the streams in this region sink beneath the crust. A few 
streams are seen to begin on the “basalt, but they can be traced only a 
short distance, when they disappear. There have probably been several 
outpourings of basalt, but our limited time did not permit us to follow 
the succession of the rocks sufficiently to determine them. 

North or a little west of north from the volcanic craters is a group of 
hills occupying an area of about 18 square miles. On the highest point 
of this group Station 70 was located on an outcrop of limestone, beneath 
which were sandstones similar to those of Stations 89 and 90. The out- 
crops were obscure, but the dip appeared to be to the west or south- 
west. The angle could not be determined. On the ridge leading down 
northward from the station, a dip in the opposite direction was “noted. 
These hills are, therefore, a remnant of an anticlinal axis, the western 
members of which form the major part of the elevation. On the Black- 
toot, about five miles northwest of Station 70, the northeastern dip is 
seen again in the canon wall, a point of the sedimentaries rising above 
the basalt, limestones and shales outcropping. On the north side of the 
river this anticlinal rises into a high ridge that continues northwestward 
into Mr. St. John’s district. The line of the strike of the beds here 
and those of Station 70, when prolonged, falls on Aspen Ridge. There 
is therefore every probability that it is the same fold. Basalt covers 
the country surrounding the hills of Station 70. It is generally desti- 
tute of timber. Sometimes a few aspens and low brush are seen on 
some of the creeks. The limestones on Station 70 contain numerous 
specimens of Terebratula augusta. The sandstones below are filled with an 
Aviculopecten, among which, probably, two new species exist. The beds 
are all undoubtedly of Jurassic or Triassic age. 

Lander’s road crosses the Blackfoot almost on our north line. The 
river here is broad and very sluggish and full of vegetation. The cross- 
imgs are few and generally muddy. Below the crossing of the road the 
river turns abruptly and flows southwest into a caiion, the walls of which 
are principally basalt. On the south, as I have already noted, lime- 
stones and shales outcrop at one locality. The basalt is horizontal, and 
appears to follow the cation of the river a long way to the northward. 

in the cation, a short distance below the outerop of limestones, there 
are calcareous spring deposits. Only one active spring was noted, with 
very little water escapmg. The temperature at 7 a. m. was 82° F., the 
air being at 55° F. On tasting the water the presence of carbonic ‘acid 
gas and iron was recognized. The deposits were calcareous as far as 
seen. 

Between the head of the Portneuf and the Blackfoot, outcrops of light- 
colored sandstones and conglomerates were noted, appearing to occupy 
a pasin which extends northward into Mr. St. J ohn’s district, and which 
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sill be more fully described by him in his report. Mr. St. John considers 
them to be of the same age as the lake beds exposed on Bear River 
which contain similar fresh-water forms. 


PORTNEUF RIVER. 


The Portneuf is a large branch of the Snake, and has a rather curious 
course before it reaches that river. It rises north of our district and 
flows south for about fifteen miles from its head into the broad upper 
valley. It then turns southwest across the valley and gradually enters 
the canon. In the latter it soon takes a southern course again, which it 
keeps for about ten miles, when it makes a right angle and flows west- 
ward across the range, and after a course of almost ten miles in that 
direction makes another right-angled turn out into the valley of Marsh 
Creek, in which it flows northward, separated from Marsh Creek by a 
narrow strip of basalt. At the north end of this valley it again turns 
to the west to cross Bannock Range, after which it leaves our district 
with a northwest course to flow out into the Snake River Plains. 

Upper Portneuf Valley—The upper portion of the Portneuf is in a 
broad grassy valley, which is the northern extension of Basalt Valley, 
which reaches to Bear River west of the Soda Springs Hills. Opposite 
the point where the Portneuf enters the cafion the valley is about eleven 
miles in width. The hills on the east side are mainly Carboniferous, 
especially at the south end of the valley. Jurassic rocks may outcrop 
toward the north, but they were not recognized. On Station 82 lime- 
_ stones outcrop, dipping northeast, and containing 


Productus Costatus, 
Spirtfer Rockymontanus, 
Crinoidal stems. 


In 1871 the following fossils were obtained from the foot of the same 
hills at Twin Springs, 6 miles farther south : 


Zaphrentis? Stansburyi. 


LInthostrotion 2 
Ehombopora 2 
Polypora ? 
Chonetes 2 
Spirifirina 2 
Huomphatus 2 


Crinoidal fragments. 


The latterare probably from a lower layer than those first given. The 
hills on the west side were not visited, but they are probably composed 
of Carboniferous rocks, with perhaps Jurassic toward the north. At the 
entrance of the Portneuf to the cafion, quartzites outcrop, dipping to the 
westward at an angle of 10° to 15°. These quartzites are underlaid by 
limestones, and forma synclinal depression along the eastern side of the 
Portneuf Range. 

It appears, therefore, that the Upper Portneuf Valley is in part located 
by an anticlinal fold. No basalt occurs in the northern part of the valley. 
It is not met with until the Portneuf is crossed. An accumulation of 
Quaternary drift covers the beds, but judging from the outcrops in 
Gentile Valley this entire basin was covered by a lake which extended 
from Pliocene into comparatively recent times. At the end of Pliocene 
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time, however, there were disturbances which isolated portions of the 
lake. Considerable disturbance was noted in the Pliocene beds north 
and south of this locality, and will be noted in other places. . 

_ Upper Portneuf Caron.—As has already been stated, the Portnenf 
enters the cation flowing south. It is parallel to the strike of the ~ 
quartzites that outcrop here, and probably is on the line of an anticlinal 
axis forming the high part of the range south of the cation, as the hills 
west of Basalt Valley show eastward dips. At the head of the canon 
the basaltic flow comes to the river,and continues through to Marsh 
Creek Valley. It is, however, frequently covered by the local drift. - 
As the river enters the canon itis flowing south, but it curves a little 
eastward as it approaches the bend. Above the bend, on the west side, 
white sandstones show, probably of Pliocene age. In the angle stands 
a high butte of limestone, probably the remnant of an anticlinal ridge. 
Below the bend the basalt shows more plainly, and on the south side a 
tunnel has been cut into the side of the hill which shows two layers of 
basalt separated by a sandy layer containing rounded bowlders. Ail 
along this portion of the river there is a great abundance of calcareous 
tufa which extends out into the river, often forming dams which cause 
numerous waterfalls from 5 to 20 feet in height. In this part of the 
caiion also, as we proceed down it, the basalt is seen outcropping now 
on one side and again on the other, but it probably underlies the whole 
valley. As the river emerges from the cation it is seen on both sides, 
but a short distance below it is found only on the west side extending 
westward to Marsh Creek. The descent of the river from the mouth of 
the canon to the bend at the mouth of Marsh Creek is quite rapid, and 
the basalt forms a rapidly increasing bluff on the west side. On the 
east side, a few miles below the bend, an outcrop oflake beds containing 
fresh-water forms (Planorbis, &c.), allied to existing forms, was noted. 
‘There are also isolated outcroppings of limestones and shales. It is 
probable that the lake beds just noted once covered the entire surface, 
but have been eroded away. The drift from the hills has covered the 
beds so that difficulty is experienced in trying to determine their exact 
relations. The basalt ridge breaks off before the mouth of Marsh Creek 
isreached, and the angle between the mouth of Marsh Creek and the Port- 
neuf has an iselated hill 400 or 500 feet high, in which limestones outcrop. | 
North of the bend yellow, purplish, and gray quartzites and shales out- 
crop, inclining at high angles, indicating the presence of an anticlinal » 
axis. This is probably the same axis noted just south of the bend of 
the Portneuf, which will be described under the head of Marsh Creek. 
The centre of the anticlinal appears to be composed of dark drab slates, 
either Cambrian (Lower Silurian) or Huronian. Above the slates are 
purple and gray quartzites. A short distance beyond, the dip has 
changed and is again to the northeast; and we cross a great thickness 
of quartzites and slates. These beds are exposed in the section of Sta- 
tion 79, and will be described under the head of the Bannack Range. 
They form an anticlinal ridge, across which the river cuts to the Snake 
River plains. The basalt ends in several tables before this anticlinal 
is crossed, but it appears again below at a lower level. Whether the 
source 1s the same for both it is impofsible to say. The lower out- 
crop appears to be connected with the flow of the basalt in the Snake 
River plains. In this portion of the valley, also, white sandstones make 
their appearance on the flanks of the hills outside of the basalt. They 
resemble those seen at the upper part of the Marsh Creek Valley, but 
whether or not they are the same beds lam unabletosay. I am inclined 
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to consider them as older—probably Pliocene. They are disturbed, dip- 
ping to the northwest at an angle of from 25° to 30°. The terraces 
as Professor Bradley says, show no evidences of any local disturbances. 
I am inclined to think that the gap in the Bannack Range, which sep- 
arates Marsh Creek Valley from the valleys to the westward, marks the 
point where the great lake filling the valleys to the southward had its 
outlet. One of the two anticlinals formed the barrier which separated 
the southern lake from the lake that filled the Snake River plains. After 
the barrier was worn away the cation was the bed of a great river whose 
head was at Red Rock Gap, the lake occupying Marsh Creek Valley 
having been completely drained. This river seems to have removed the 
late deposits in the cation probably on account of its more rapid flow in 
this portion of its course. This subject will be referred to again. 

Lower Valley of the Portneuf.—As the valley south of the cation prop- 
erly belongs to the upper end of Marsh Creek Valley, I shall take it up 
’ there. Below the cation it merges gradually into the Snake River plain. 
Basalt here, as we have seen, appears to have spread from the Snake 
River plain up the valley of the river. 


MARSH CREEK. 


This stream is the principal branch of the Portneuf, and the only one 
that will receive a special consideration here. Itis a small, sluggish — 
stream, flowing in a muddy channel with swampy banks, back of which 
are broad meadows. The valley at its head is about a mile in width on 
the immediate stream; this increases to four or five miles as we descend, 
and again decreases as its mouth is approached. Outside of this imme- 
diate bottom, bounded by the terraces, the valley is from ten to twelve 
miles in width above the mouth of the Portneuf Caton. Below this 
point it decreases to about four miles between the bounding ranges. 
This valley is underlaid by lake deposits covered with gravel and drift 
from the surrounding mountains. The sources of Marsh Creek are 
in the southern end of the Bannack Range, in the northern part of the 
Malade Range, and in the southern end of the Portneuf Range. The ex- 
treme head in the latter is opposite a branch of the Portneuf that joins 
the river in the caton. This branch of Marsh Creek flows south, cutting 
through white friable sandstones, that are almost horizontal in position. 
At Red Rock Gap it turns abruptly westward, and flows to the northwest 
through Red Rock Gap. The latter is a pass between two masses of 
limestone that outcrop from beneath the modern sandstones. The East 
Rock is the most prominent and rises 280 feet above the creek. South 
of the pass the divide between Marsh Creek and the waters of Bear 
River is a swamp, in which it is difficult to tell which way the water goes. 
From Red Rock Gap, Marsh Creek flows northwestward in a broad, rather 
marshy valley, bordered by terraces cut in the sandstones that fill Marsh 
Creek Valley. There are three of these terraces—the lowest 50 feet high, 
the second 150 feet, and the highest rising about 300 feet above the 
creek. When the creek reaches the western side of the valley it turns 
northward, bending somewhat toward the east and joining the Portneuf 
about 24 miles north of the bend. In all this course the descent of the 
stream is very slight. “The descent from Red Rock Gap to a point 26 
miles farther ‘north, as the creek is followed, averages only 1.07 feet per 
mile. In the bordering terraces the sandstones underlying are seldom 
exposed, being covered with alluvium and drift. The first thought on 
Seeing these terraces is, that once a large stream must have carved 


¢ 


566. REPORT UNITED STATES GEOLOGICAL SURVEY. rae 


them. This was recognized by Professor Bradley in 1872.. In: his re- 
port for that year he says (p. 203): . 

These terraces are very strongly marked through the whole length of this valley; | 
and an upper one is readily identified, though not so prominent, at the level of about 
1,000 feet above the stream. They are on too large a scale, and the valley is too wide 
to have resulted from merely the drainage of the small area of mountains about the: 
head of the stream, and I am strongly of the opinion that this must have been at one 
time the channel for a large outflow from the Great Basin. 


Mr. Gilbert has in several places stated that this pass is the ancient 
outlet of Lake Bonneville. 

In an article in the American Journal of Science and Arts (vol. xv, 
June, 1878, p. 439) I stated my belief that it was the outlet of a lake 
having a lower level than Lake Bonneville, as the shore-line of Lake 
Bonneville as indicated by the Bonneville Beach is about 100 feet higher 
than the top of the pass. The level of the Provo Beach indicates it to. 
have been the lake drained by the river which cut the terraces in the 
deposits of Marsh Creek Valley. I shall, however, have to defer the fur- 
ther consideration of this to a subsequent chapter. . 

Several terrace lines can be traced as continuous from Cache Valley 
into Marsh Creek Valley south of the pass. One of these is very high, 
and on the east side of Marsh Creek Valley, south of the exit of the 
Portneuf, this high terrace is quite distinct. Its levelis above the general 
level of the valley. This is probably the same indicated by Professor 
Bradley in the extract quoted above. . It marks in its outcrops the anti- 
clinal that is seen north of the bend of the Portneuf. Evidences of it are 
seen also at Red Rock Gap. On the west side white quartzites out- 
crop dipping west, and on the east side above these quartzites are dark- 
blue limestones (probably of Quebec age). ; 

The general elevation of Marsh Valley ranges from 5,000 in the middle: 
to about 5,140 feet at the sides. The southern edge of the basalt is not 
reached until we get within about four or five miles of the exit of the 
Portneuf from the cafion. Here it appears to have its least thickness. 
It increases as we descend, showing that, previous to its outpouring, the 
valley sloped to the northward. This is indicated also by the shape of 
its surface. - The top of the basalt is lower in level than the top of the 
lake deposits on the west, showing that they were eroded partially, at 
least, before the basalt was poured out. No basalt is found on the west 
side of Marsh Creek. It seems, therefore, that the pouring out of the 
basalt crowded the large stream which then occupied the valley to the 
west side and forced it to excavate its valley from the soft beds of the 
west side along the westedge of the basalt. Marsh Creek and the Portneuf 
probably once united at a point just west of the exit of thelatter. When 
the basalt was poured down the caiion it naturally took the channel 
formed by these two streams, as it was the lowest portion of the valley. 
The river occupying Marsh Creek Valley was probably too large to be 
entirely obstructed by the basalt which must have been somewhat 
cooled at this distance from its source. That it was partially obstructed 
is probable from the fact that a large bay-like valley is now found just 
above the southern limit of the basalt. No beds are exposed below the 
basalt, which seems to imply that little erosion has taken place since its. 
pouring out. This could certainly be predicated did we know that the 
bottom of the basaltic bluff is the lowest part of the basalt. The basalt, 
however, was certainly poured out after the draining of the lake that oc- 
cupied Marsh Valley and before the complete draining of the lake whose 
barrier was at Red Rock Gap. There is plenty cf room for more study 
in this region. 


® 


U0 Plate LXV. 


UPPER PORTNEUF 


7 Oe DRAINAGE 
ne =n 
KO 


By 


oe LF 


Bae ne AL 3 


US.Geologucal Survey. _ Plate LXV. 


® 

q 

i Mr PUTNAM 

m : 

xs : i UPPER PORTNEUF 

S EAS 4 DRAINAGE 
Beat 3 < S NT Re \ 


Tig referto Section onpage 
Section Eastward from Mt Putnam, by Mr §tJohn. 


tre the Portneuf Region. 


AB,and CD, Anes of Section. 
Seale of Map. 


753 & & 16 a, 77Lee. 
Scale of Sections. 
x z mules. 


Sta.276 


PORTNEUF RANGE 


EWASS 
Ws 9 
RRQ ay 
j sas NN Qo WSS Rocce ano LED 7 
ee EWNS SSS EE B 
73 7 ; 


oe aswel: 7 2 re : 
See Section 20. page 565. — 


a as SN SN ‘S 
See Section 22. page 570. 


Portnenf Riv. 


soe 


i 
) 


PEALE. ] DESCRIPTIVE IVER AREA. 567 


The descent of the Portneuf to the mouth of Marsh Creek is much more - 
rapid than the descent of Marsh Creek. The bed of the former was prob- 
ably raised by the basalt, and it was obliged to cut a new bed on the 
east side of the valley to joim Marsh Creek at the narrower portion of 
the valley. 

- As to the age of the beds, all that can be said at presentis little. Fos- 
sils were obtained from them on the Portneufin 1871, but they were forms 
that might be of very late Tertiary age or of Quaternary age, being un- 
distinguishable from existing forms. We have seen that the beds have 
not been disturbed since their deposition. They are older than the depos- 
_ its found in the centre of Cache Valley on Bear River, and they differ in 
character from the disturbed Pliocene beds that are found in Cache 
Valley and in Malade Valley, and are evidently more modern. I believe 
they were deposited in the same lake that occupied this valley, Cache 
Valley, Salt Lake Valley, and the valley of the Upper Portneuf, and of 
Bear Lake Valley. When the Marsh Creek portion of the lalce was 
drained the deposition of sediments continued in Cache Valley, covering 
the deposits of the same age as those in Marsh Creek Valley w herever 
the lake extended. 

PORTNEUF RANGE. 


The Portneuf Range extends southward from Ross Fork between the 
Upper Portneuf Valley and the Lower Portneuf Valley, to the cation of 
the Portneuf, which is at right angles to the trend of the range. This 
constitutes the northern portion of the range, which is naturally divided 
from the southern. The latter extends south from the Portneuf Cafion 
to the northern end of Cache Valley, with which it really ends as a 
distinct range, although geologically it is connected with the Bear River 
Range by a mass of low hills, in which rocks of Silurian age outerep, and 
through which Bear River cuts its cafion from Gentile Valley to Cache 
Valley. The northern portion of the range culminates in Mount Putnam. 
On Mount Putnam white quartzites outcrop at the south end, and at the 
north end shaly limestones. On Station 76, at the south end of this 
northern portion of the range, gray and blue limestones outcrop dipping 
to south 75° east at an angle of 30°. This angle increases towards the 
_ north, and on Mount Putnam it is 80° to 85°. 

Below the limestones of Station 76 are quartzites, according to Pro- 
fessor Bradley (Report for 1872, p. 204), and below them limestones of the 
Quebec Group. Below the latter occur the quartzites, in which the anti- 
clinal fold west of the Portneuf is marked as shown in the accompanying 
section. The continuation of the section westward will be considered 
under the Bannack Range. East of Station 76 dark-blue limestones 
with red and yellow bands rest upon the lighter-colored limestones of 
the station, and above them a white quartzite. The latter appears to 
form the floor of a synclinal depression; for as we approach the Portneut 
we find it rising and dipping gently to ‘westward, the angle of dip being 
10° near the Portneuf. In the synclinal depr ession resting unconform. 
ably on the quartzites is a conglomerate, made up of angular fragments 
of limestone. The outcrop was seen only at one point and appeared to 
be horizontal in position, and is probably of the same age as the con- 
glomerate at the top of the lake deposits in Gentile Valley. 

The Portneuf Range here is, therefore, seen to be monoclinal, with an 
anticlinal axis a short distance to the westward and a synclinal depres- 
sion to the east, which has been occupied by an arm of the lake that 
once filled the Upper Portneuf Valley? 
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The following is the general section from the base of the range: 


Section No. 20. 
1. White quartzite. 


‘2, Thin-bedded, somewhat cherty limestones. From these beds Professor Bradley 


obtained characteristic Quebec fossils in 1872. 
. White quartzites. 
. Space in which beds were not noted. 
. Dark-colored limestones. 
. Dove-colored banded limestones outcropping on Station 76. 
. Light-colored laminated limestones. 
. Ver y dark blue limestones with reddish and yellow bands. 
White quartzites. 


ae 


The upper limestones and the white quartzites (No. 8) should probably 
be referred to the Carboniferous formation, while all below is probably 
of Silurian age. 

South of the cafion of the Portneuf the mountains consist of several 
parallel ridges somewhat lower in elevation. The entire mass is much 


- broader than that to the north. We had but few stations in them, and 


these mainly towards the south end. Near the south end of the ‘most 
western of these ridges (the one overlooking Marsh Creek Valley) Sta- 
tion 133 was located on limestones dipping north 87° east. The general 
strike, as we looked north, appeared to be about north 5° west. The 
angle of dip was 30° to 35°. The following section was made: 


Section (No. 21) at Station 133. 


Top. Feet. 
ihe) Bilas JhinyestiOmne Ge sess SeSseoncosan neon cob loa sesd uobH bo seuadodesdce 130 
2. Laminated blue limestones, with Conocoryphe, Dikelocephalus, Obo- 
lella, and two species of Bathyurus.....---2-.--------------+ 22 315 
Splish orayelimestones= arse senes eee eel mines recreate eee 
4. Laminated limestones, with bands of greenish shales in the upper 
portion. The limestones are separated by shaly layers. The lime- 
stones are fossiliferous at the base, containing quantities of a 
Trilobite like Conocoryphe. ‘The limestone resembles an oolite, but 
the structure is probably due to the presence of some peculiar ; 120 
organic remains. Fragments of Discina are seen ,.--..---.------ | 
Bi Ratherandssive Nmestones --2- 21.28 akaretee Goer setae eee | 
_ 6. Laminated blue limestones, in bands of from one to two inches thick- 
ness, the surfaces of which are yellow- pore BS Bs she nein ts ae | 
7. Rather massive limestones.....-....-..--------- + see i aeis eee 
8. Green shales or slates, 15 feet... ....-.-- 22. cose soc cee nen ne cee ece ae 118 
GO) linisl nore Ibn o4a50 sou cao onoosoe ss Sedu cone shocs coco ntod 
10. Bluish limestones, with bands of shales.-.........------.----------- 155 
11. Massive blue limestones. The dip here appears to be about 40°...... 400 
12. Laminated limestones with interlaminated green shales.....-......- a0 
13. Greenish sandstones and shales, passing below into silvery-gray slates. — 210 
14. Slates and shales with a band of limestone about the middle........ 185 
15. Blue limestones with irregular structure. The strike is about south 
5° east, and beyond the station it appears to curve to the south; 70 
dip is GUC pee ea de rere pk te a ae ea lh hee leat cee 
JG eRusty yellow Gg Wath Zee ame mo ain > ale owe inle wine elairivieiel emer nlel le 150 
17. Gray and yellowish quartzites......-- 2. .2- 220 seen ne wee woes ene one 450 . 
(ekGreenish-aray slabesiecsses coc ce: =< celeste atone ose eens enema 180 
19. Rusty~yellow quartzite, somewhat conglomeritic and containing a ? 130 
considerable percentage of iron. ....-..----2---- 2-2 e eens wee 
PSUR Gene Wales, CHOON NS: Hees seme neod soem ss pees boos sees se.5 decor ; 600 
Oi Whe g Wa ZlveShse sersieeisisicie/- so. «sjslelsilceteniatc sts ce sine ante ee ei ateorety E . 
99. Pink and whitelquartztes 214. .0. 22) coke 12) a ae ees SUL su 
23. Red slates, thickness not takem......:- 222... 4. 2. 222 ceccewees scee= =e * 
TO tai ce Sens Sesto e OES aise wnrwia, iw CRG DACRE Sree le Ree ase 3, 483-3, 583 


Below this last layer there are probably the limestones of the Red 
Rock Pass, which I think lie above the quartzites of Station 152, 
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which themselves are just above the dark-green slates that in all prob- 
ability represent the Cambrian, as named by King, in the region south 
and west of our district. 

Between layer 23,and the limestones of the pass perhaps the section 
of Station 77 may be found, unless the quartzites just above are iden- 
tical with those of Station 77, in which case only the chloritic slates and 
eray micaceous shales of Station 77 are wanting. This, I think, is the 
most probable view, as there is probably room for them below this sec- 
tion. The strike of the beds in the section just given must swerve 
somewhat to the westward as we follow the range northward, so as to 
fall beneath those of the summit of Station 76. 

Station 117 was on the ridge next east across Cottonwood Creek. 
This station was not visited by me, but Mr. Gannett brought in a piece 
of hard, red micaceous sandstone, which forms the summit of the ridge. 
Whether this upper valley of Cottonwood Creek is a monoclinal valley 
or an anticlinal, I am unable to say. It appears to be filled with Ter- 
tiary limestones and sandstones, which appear to extend high up on 
the ridge of Station 117. North of the latter station quartzites form 
the summit of the ridge, showing eastward dips. Above these quartz- 
ites are laminated limestones, above which are the quartzites of the 
hills west of Basalt Valley. These all show eastward dips. I:am 
inclined to think there is an anticlinal and synclinal between the east- 
ern and western ridges. On the west side of Gentile Valley, ona sta- 
tion about three or four miles above the head of the cafion of the Bear, 
a red quartzite, similar to those in Marsh Creek Valley, outcrops, with 
a western dip. There must, therefore, be a synclinal depression along 
the eastern side of the range at this portion of its course, but it has 
been so much eroded that it is obscure. Its position indicates that it 
is a fold east of the one noticed at the entrance of the Portneuf to the 
canon from the upper valley. 

Station 131 was Iccated on a hill some eight miles southeast of Sta- 
tion 133, beyond the end of the range, and I refer to it here only because 
there are outcrops of limestone on it which show eastern dips. Ona 
ridge running south from the station red quartzites outcrop, dipping 
east, or perhaps a little north of east. The rocks on the station are 
dark-blue limestones, but whether above or below cannot be positively 
stated. They are probably above, however, and the quartzites are 
in that case the same as those in the lower portion of the section of 
Station 133. The Tertiary (Pliocene?) beds in this region le between 
and obscure the older beds lying between the two stations. Quartz- 
ites also outcrop in the valley of Swan Lake, and are probably the 
same as those near the station. Jt will be evident from what has 
been written that our data in relation to this lower portion of the Port- 
neuf Range are somewhat meagre. All we can say is that the western 
portion is composed of Silurian rocks, while toward the eastward the 
Carboniferous formation may be present. There are probably several 
folds which enter into the formation of the mountains. The axes of 
these folds have their directions a few degrees west of north and east 
of south. The range formed the boundary between the lake that filled 
Marsh Creek Valley and the lake of Gentile Valley and its northern 
extension, Basalt and Upper Portneuf Valleys. There was probably a 
connection between these lakes through the Portneuf Canon, and when 
the lake was at one of its highest levels one arm occupied the synclinal 
just east of the main northern portion of the range. 

The highest peak in the range is Station 76, with an elevation of 9,115 
feet. Mount Putnam at the northern end has an elevation of 8,933 feet. 
The slopes on both sides of the range are steep and rugged. 
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The summit of the Bannack Range was the western limit of our work. | 
It extends along the western side of Marsh Creek, Valley, above which 
its highest peaks rise a little over 4,000 feet. The range consists of two 
somewhat isolated mountain masses eight or ten miles apart. They are 
connected, however, by a low ridge, so that, geologically, the range is 
continuous. The portion between the two masses was not visited. In 
the northern portion two stations (Nos. 77 and 78) were located, one of 
wee visited by me, and in the southern portion Station 135 was. 
ocate 

The cation of the Portneuf, cut across the northern end of the range, 
shows it to be a well-defined anticlinal, quartzites, slates, and limestones 
outcropping there, and showing dips in east and west directions, as 
already noted in a ) preceding portion of this chapter. All the beds out- 
cropping in the cafion that enter into the fold are highly metamorphosed. 
The same beds are shown on the eastern slopes of Station 77, where the 
following section was made: 


Section No. 22, from Station 77 eastward. 


Base. Feet. 
LE Waniberquartzite coos <n sims se ss2'e aise fe se os eles a == larsrs oml= Serre ere ee ee 
2, Light-yellowish argillaceous slates, in lamin of about a quarter of an 
inch thickness, with joymition a. sok 3S eS Es Be ere 
3. White quartzite. FG ke fo octets Jembe edhe cise tease Vee te ee eRe eee 1.600 
4. Sombre metamorphosed quartzitic sandstones, with rounded quartzitic : 
pebbles. Most of the sandstones are of a dark-greenish, almost black 
color, with grayish layers made up largely of grains of quartz... .--- J 
ey) Dark-onaysqMarnzibevacece }hoc acins Josioaseeclee esos eae ae ) 
Ge Silyerysoray mMicaceous slates) ss... .o2 eos ecient ee epee le ieee eete 
Cp sam acbedtOTay, SIALES 1c -\sciesicisisis vale «sehen oe) a scheee cok = eee 1, 960-+- 
Sn Gray murcaceous slates 2 yok chee oe eS Stes era ae aol e ieyena te cca ieee 
9. .Greenvand ‘eray chiortic slates, quartzite n= 25. 222 2een ee) eee ee 
10. Olive-green chloritic slates, with smooth surfaces. On some of the) 
layers there are indistinct mud markings and other markings somewhat 
resembling fucoidal remains, although they may be the result of im- 
perfect borings Dy WWOLIOS 52502 sus aeicicie cise ini es isicice ne se neler eee 1, 560-4 
11. White quartzite Haearate Bitola Hb Ls, PARIS Ee UE DSU ee eerie 
12. Greenish-gray indurated argillaceous slates and shales, with bands of 
eray and white quarbzites) 2-2: 6 sce oue apis sieets oseys- iat aees J 
13. Gray and yellow hard limestone in two bands; these limestones are | 
covered, and were recognized from a few obscure outcrops.----...-.. 
14. Quartzitic argillaceous Slates 2) 2.05 ee cr ea 
15. White quartzites ............--.-- SE ese Wie ce ee 
16. Pink quartzites; some of these are - conglomeritic and have the | appear- 650 
ance of eepuarmerpugsed< conglomeritic sandstones; some of the layers ne 
ALOIS REG I MCOLOT 22). os co = 6 nore seam ete eee reieloe eke eee ene ae ees 
17. Yellowish slates....-....- SEs. Sai ores es 
18. Pink quartzites; some of the layers of these quartzites a are green on the 
surfaces or planes Of Separation csheystosee teddies Soa iso See loaee 
MRO ieee scrap ioe Saisie oa) w nee wone eh BeAMelere ia oon alc ca telece Minin ono eee oe 


In layer No. 2 cubical crystals of oxide of iron are numerous; some of 
them are nearly two inches on a side. These beds are probably the 
same that have been referred to the Cambrian by Emmons and Hayne 
in their districts south of ours. 

In Box Elder Caiion, on the western side of the Wahsatch Range, 
almost due south of the locality of the section given above, they consist 
according to Hague* of quartzites and siliceous slates, with some mica- 


* U.S. Exploration of the 40th Parallel, Vol. II, p. 403. 
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ceous schist. I think there is no doubt that the beds are identical. 
The dip of the beds in the section just given is approximately east, at 
an angle of 55°. The strike therefore must be about north and south. 
This probably curves a little to the eastward toward the south, as we 
find near the divide to Malade Valley an anticlinal axis which is in all 
probability the same noted in the canon of the Portneuf. The axis of 

“the range, therefore, lies to the west of the station, and the beds must 
sink as we go south, for the southern part of the range is made up of 
the limestones that lie above these quartzites. Station 78, just south 
of 77, is on the micaceous slates that lie below the quartzites and chlo- 
ritic slates. It is a couple of hundred feet higher than Station 77. 
South of Station 78 a long ridge connects the northern portion of the 
range with the southern, on which Station 135 was located. 

Station 135 is on limestones that are probably Silurian. Toward the 
base quartzites outcrop, probably the top of the Cambrian. The dip on 
the station is about west. On the slopes leading to the station there 
appears to be some curving in the strike, so as to make the dip more to 
the southward or southwest. On the east side of the Malade Divide 
the dip appears to be from North 17° Hast to North 27° Hast. 

Between the two points, therefore, there must be an anticlinal axis which, 
I think, is the same as that of the northern part ef the Bannack Range. 
The lowest outcrop noted on the east is a white quartzite, above which are 
irrecular-structured limestones. They soon disappear as we get down 
into Marsh Creek Valley. Bradley considered these limestones as be- 
longing to the Quebec Group.* I found no fossils in the beds, but they 
are probably the same as the limestones outcropping south in Malade 
Valley, back of Malade City. The mountain mass west and south of 
Station 135 may be partly Carboniferous—the continuation of the Car- 
boniferous south of Samaria, yet to be described however. The western 
side of the range and the valley beyond were not examined, and this 
opinion is, therefore, merely conjecture. 

North of the Portneuf Cation the prolongation of the Bannack Range 
is aridge forming the western portion of the hills west of Mount Put- 
nam. On these hills the outcrops are obscure; on Station 80 a gray 
quartzite shows which is the continuation of one of the quartzites farther 
south. The dip could not be determined. North of the station the Cam- 
brian beds seem to disappear beneath Tertiary (Pliocene) deposits, which 
form the hills south of Ross’s Fork of Snake River. They, however, 
form cappings, for at several places outcrops of limestone were seen 
protruding above the light, white, and reddish Tertiary beds. : 

On Station 81, eight or nine miles north of Station 80, basalt is found 
on the summit of the hills bordering the valley of Ross’s Fork and that 
of Snake River. This basalt dips at quite an angle toward the valley,, 
and on some of the hills appears to be horizontal. The Tertiaries also 
show dips toward the valley of Snake River. South of Station 81 a Iill 
shows outcrops of blue limestone, probably Silurian, with a northern 
dip. All about the hill Tertiary limestones and sandstones outcrop, con- 
cealing the older beds. The basalt appears much older than the basalt 
of Marsh Creek, and its position on the Tertiary (Pliocene?) proves it 
older. It was probably uplifted with the underlying beds, which places 
its age as subsequent or just at the close of the Pliocene. The source of. 
this basalt is probably some point in the Snake River plain. Basaltis also 
found in thevalley of the Portneuf, extending up the valley from the Snake 
River Valley. This basalt of Station 8lis older. In the former, Professor 


* Report U.S. Geol. Survey, 1872, 1873, p. 203. 
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Bradley mentions proof of two erupticns,* the layers of which are sep- 
arated by sand and gravel. I am inclined to think the basalt of Station 
81 is older than either of the layers mentioned by Professor Bradley. 
North of Ross Fork the axis of the Bannack Range disappears entirely 
beneath the accumulations of Snake River plain. 

We have seen, therefore, that the Bannack Range is one of the iso- 
lated ranges so common in the region of the Great Basin, and like the 
others is a remnant of a system of folding. The northern portion shows 
one side of ananticlinal, while the southern portion shows the other. 
Erosion has removed a great mass of beds, and the valleys on either side 
are filled with later lacustrine deposits. There is no evidence, either in 
this range or in the Portneuf Range, of the faulting noticed by King in 
the main Wabsatch Range, and the absence is further proof that the 
faulting in the latter took place after a period of complicated foldings, 
as held by King.t I shall refer to this point again in a subsequent 
chapter when speaking of the district as a whole. 


* Report U.S. Geol. Survey, 1872, 1873, p. 204. 
tExploration of the 40th Parallel, Vol. I, p. 736. 
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CHAPTER V. 


DESCRIPTIVE GEOLOGY—BEAR RIVER DRAINAGE AREA. 


BEAR RIVER—UPPER BEAR RIVER VALLEY—SMITH’S FoRK—SUBLETTE RANGE— 
THoMAS’ FoRK—BEAR LAKE PLATEAU—BEAR LAKE VALLEY—PREUSS RANGE— 
Sopa SPRINGS AND BEAR RIVER BenpD—Sopsa SPRINGS VALLEY—SODA SPRINGS 
HiLtLs—BASALT VALLEY—BEAR RIVER RANGE—GENTILE VALLEY—MIDDLE CANON 
oF BErsarR RIVER—CACHE VALLEY—MALADE RANGE—MALADE VALLE Y—BLUE 
SPRING HILLs. 


The present chapter will be devoted to the description of the south- 
western portion of the district, in which the drainage is tributary to 
Bear River. It is therefore a portion of the Great Basin. Bear Riveris 
the great artery of this whole region. In considering it I shall follow the 
plan of the preceding chaptex, and shall take up the successive streams, 
alternating with such mountain ranges as intervene. The entire area 
drained by the Bear and its branches within our district is nearly 5,000 
square miles, or over one-third of the entire district surveyed by us 
during the season. 

BEAR RIVER. 


Bear River enters our district in about longitude 111°, flowing slug- 
gishly with large curves through a broad valley which continues north- 
ward tothe mouth of Smith’s Fork, a distance of about 25 miles on a 
north and south line. From this, which we call the Upper Valley, it 
turns slightly to the northwest into a narrower valley which reaches to 
themouth of Thomas’ Fork. Receiving the latter stream in a broad valley 
opposite the Sublette Range the river turns abruptly to the southwest, . 
and enters the cafion-like valley at the north end of the Bear Lake 
Plateau, through which it cuts to the valley of Bear Lake. In this 
cation it turns abruptly to the north, making a right-angled bend. The 
valley in the cafion is generally broad and meadow-like with good grass. 
Several ranches have been located below the bend and seem to be flour- 
ishing. Soon after the river comes out into Bear Lake Valley it loses 
itself in the marsh that extends northward from Bear Lake. Below the 
marsh the river flows through a wide marshy flat, covered with a growth 
of coarse grass. The soil in this region is rich and the valley has been 
well settled. Numerous: towns are found along the river. The course 
of the river here is approximately northwest until within about 6 
miles of Soda Springs, where there is a sharp turn to the westward 
along the south edge of a basaltic flow. After keeping this direc- 
tion for about 5 miles a northern course is assumed and the river 
curves to westward and southwestward in the valley opposite the mouth 
of Soda Springs Creek. Four miles west of the mouth of the latter the 
Bear cuts across the northern end of the Bear River Range at the south 
side of a gap that is about half a milein width. Hereit is in low canon, 
a basaltic wall bounding it on the north and the limestones of the range 
outcropping on the south bank. For three or four miles beyond the gap 
the river keeps close to the foot of the range. The cause of this may, 
perhaps, be seen in the basaltic flow which came from the craters still 
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existing west of the gap. The river, however, soon turns to the west- 
ward and cuts a deep cation in the basalt, which, continuing northward, 
forms the floor of Basalt Valley. The cation is about 300 feet deep on 
the west side of the valley, and the river flows through it, broken by falls 
and rapids.. At the western side of the basalt-field the river turns to the 
south, making aright angle in its course, and soon flows out of the canon, 
skirting the western edge of the basalt, into the northern end of Gentile 
Valley. The general course of the river in Gentile Valley is south. It - 
is broad and flows sluggishly between broad meadows that are bounded 
‘by soft lacustrine deposits. Leaving this valley the Bear enters a deep 
canon cut in Silurian limestones. This caiion, which I shall call the 
‘‘middle caiion of Bear River,” is nine miles in length and divides Gen- 
tile Valley from the upper end of Cache Valley. On entering Cache 
Valley, the river turns to the westward, keeping a course a little south 
of west for nine miles. Again it turns southward, a course which it 
‘keeps until it approaches Cache Butte, when it turns to the southeast, 
flowing sluggishly with inclosed islands and broad meadows. It keeps 
this direction for only three or four miles, once more resuming its south- 
ern course. About two miles above the moyth of Logan River it turns 
to the northwest, and about five miles below the mouth of the latter 
stream it enters the “gates,” from which it flows out into the lower end 
of the Malade Valley, and leaves our district in longitude 112° 8’, to 
flow southward to Bear River Bay of the Great Salt Lake. The eccen- 
tric course of Bear River will be better appreciated by a glance at the 
map. The river is seen to have two general courses, one northern and 
the other southern. The most northern point reached is at Soda Springs. 
The Bear River Range separates the two portions of Bear River as thus 
described. J shall now take up the different portions of the Bear, con- 
sidering the general geological structure of its various valleys and the 
geology of the bounding ranges. 


UPPER BEAR RIVER VALLEY. 


The Upper Bear River Valley, as I have already defined it, extends 
from the mouth of Smith’s Fork, southward, to the limits of our dis- 
trict. Beyond this it reaches nearly 30 miles to the southward. Its 
length in our district is 25 miles in an air-line direction. It is from three 
to four miles in width, and of rather uniform surface, covered with 
abundant good grass. The general elevation is 6,250 feet. The Bear 
flows through this broad bottom in curves, with an extremely sluggish 
current, over a soft, sandy, and muddy bed, which is so treacherous as 
to afford few good fords, although the river is neither very wide nor 
deep. Alluvial deposits and local drift from the bounding hills conceal 
the strata underlying the valley... The two principal streams joining the 
Bear from the west side in this upper valley are Twin Creek and Sub- 
lette’s Creek. 

Twin Creek.—Twin Creek joins the Bear a few miles above our south 
line. The upper portion has been considered under the head of “the Ham’s 
Fork Plateau.” Leaving the upper valley, which is cut in the varie- 
gated beds of the Wahsatch Group, Twin Creek enters a cafion cutting 
—aeross a high ridge of Carboniferous and Jurassic rocks. Soon after 
entering the cafion it is joined by its northern branch, Rock Creek, 
which is the principal stream. Rock Oreek occupies a narrow valley at 
the west side of the ridge that forms the west boundary of the Ham’s Fork 
Plateau and Basin. This ridge is a sharp anticlinal of Carboniferous 
limestone, which continues northward west of Smith’s Fork, where it 
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willbe again considered. To the southward it ends very soon, and higher 
beds appear to curve around the end of the ridge over the limestones. 
On the west side of the ridge the Wahsatch beds, with isolated cappings 
of Green River shales, rest unconformably on the limestones, and the 
erosion of this ridge doubtless contributed to the formation of the con- 
glomeritic Wahsatch beds. The valley of Rock Creek is a monoclinal. 
It is about 14 miles in length, and not over half a mile in width at the 
widest portion. It is 1,400 feet below the top of the Carboniferous ridge. 
On the west side is a rather regular flat-topped ridge that rises 1,000 
feet above the creek-level. Near the southern end of this a substation 
was located. The beds outcropping on the east face of the ridge were 
limestones and quartzites. They were all somewhat obscure, but near 
the top of the ridge was an outcrop of light yellowish-gray limestone, in 
which I obtained a few indistinct or ganic remains, ossiu aur o by Dr. 
White, as ds 

Eumicrotis curta? 

Myalina whitei ? 

Aviculopecten idahoensis ? 

_ Myacites ? 

Modiola? 

Above these limestones a whitish quartzite forms the summit of the 
ridge. All the strata dip to the westward. 

At one point there appeared to be a capping of Green River shales 
in horizontal position, resting on the upturned edges of the Jurassic 
strata, but it could not be defined as the hill was so thickly covered with 
débris. Above the quartzites followed limestones and shales, above which 
were reddish sandstones and shales, all referable to the Jur ‘asic, accord- 
ing to their position and lithological structure. To the westward these 
beds disappear beneath the valley of Bear River. Below the mouth of 
Rock Creek, Twin Creek flows in a broad sage-brush valley. On the 
north side blue Jurassic limestones outcrop in low bluffs on the edge of 
the valley, and on them rest Wahsatch sandstones unconformably. 

Station 106 was located south of the valley on a hill, in which there 
were a few obscure outcrops of Jurassic limestone surrounded by Wah- 
satch beds. A short distance northwest of the station the yalley of Twin 
Creek narrows as it cuts across a low ridge. At this point there is a 
coal-mine, owned by the Wyoming Coal and Coking Company. The 
bed was discovered in 1875. There is a tunnel 470 feet in length, with 
a side shaft 120 feet in length. The following is the section beginning 
with the coal-bed penetrated by the tunnel. 

: Section No, 23. 
. Coal, 34 feet. 
. Shales and slates. 
Coal, 3 or 4 inches. 
P Clay, 6 feet, decreasing in places to 3 feet. 
. Coal, 6 feet. 
: Light-colored sandstones forming the roof. 
These beds dip to the westward or a little north of west, at an angle 
oe about 40°. The sandstones are fossiliferous. The following‘ were 
-obtained : 


Ole oo we 


Rhytophora meekii. 
Corbicula ( Veloritina) durkeet. 
Goniobasis chrysaloidea. 
Pyrgulifera humerosa. 
Goniobasis chrysalis. 
Volsella (Brach ves) 
Ostrea? 
Neritina? 
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These prove the beds to be the same as the Bear River Laramie group. 

On the top of the bill in which they outerop, Wahsatch red conglom- 
erates and sandstones dip 10° to 15° to the eastward. Succeeding these 
reddish beds are white sandstones. . 

Underlying bed No. 1 is a considerable thickness of light sandstones, . 
in which there is a thin coal-bed. Sampson Tams, of San Francisco, is 
president of the company. No work was being done on the mine at the 
time of my visit. Several buildings have been erected; also an oven for 
coking the coal... The coal has to be pulverized and washed before 
coking. This coal-bed is probably the same noted on Smith’s Fork, 20 ’ 
miles farther north. West of the hill in which the coal outcrops is a 
rather broad sage-brush-covered valley, and then another ridge in which 
sandstones and limestones outcrop, showing an anticlinal fold, beyond 
which is a gentle synclinal and the eastern side of a second anticlinal. 
The latter forms low bluffs facing the Bear. Farther south these beds 
rise into a high ridge which, on the map of the Fortieth Parallel survey, 
is colored Upper Carboniferous.* Speaking of this ridge, Mr. Emmons 
says:t ‘¢ But little opportunity was afforded for the examination of this 
somewhat isolated body of limestone, and it has been referred to the 
Upper Coal-Measure limestone on no paleontological or direct strati-. 
graphical evidence, but solely from its relative position with regard to 
the Silurian and Cambrian bodies on the west side of Bear River 
Plateau.” Ihave colored a portion of them Jurassic or Jura-Trias from 
evidence obtained on Smith’s Fork and in the Bear Lake Plateau, 
which reveals the presence of several folds in the rocks underlymg 
the plateau, which is the northern continuation of the eastern side of 
the Bear River Plateau. The limestones outcropping in the bluff near | 
Bear River, and which form the prominent ridge to the southward, I 
have colored Carboniferous, corresponding to the.coloring of King’s map. 

What the exact relation is between the Laramie Group and the 
Jurassic I.am unable to determine with the data from the few points I 
was able to visit. There appears at some places to be an unconform- 
ability, and at others the whole Cretaceous series may be present between 
them. This region is one that will have to be carefully investigated in 
considerable detail before it can be determined. The Wahsatch that 
outcrops east of the coal-mine does not extend far to the northward. 

On the east side of the valley, between Twin Creek and Sublette 
Creek, are several outcrops of sandstone that have been referred to the: 
Laramie Group. 

A rough wagon-road. crosses from Ham’s Fork to the head of Twin | 
Creek, and follows the latter to the Bear. The south side of Twin Creek, 
at the head, has mesas with cappings of Green River shale that extend 
southward beyond our line. ; 

Sublette’s Creek comes into the Bear 16 miles north of Twin Creek. It 
heads north of Rock Creek on the west side of the ridge already de- 
scribed. The wagon-road from Green River Valley comes down its 
southern branch, and when we were in the valley, in June, large droves: 
of cattle were being driven over the road. Near the mouth of the creek 
there is a small two years old settlement of Mormons. The Upper Bear 
River Valley makes a good summer range for cattle, but in winter it is 
necessary to feed at the rate of about a ton and a half of hay per head. 
While we were in the valley, in the latter part of June, there were heavy 
frosts every night, and we had a snow-squall about the 1st of July. The 
settlers say that it was exceptional weather, although they all agree that 


* Exploration Fortieth Parallel, Atlas Map III, west half. 
+ Exploration Fortieth Parallel, Vol. II, page 338. 
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the vlimate is somewhat cold. The western boundary of the valley is 
the Boundary Range, a range of comparatively low hills eroded from the 
east edge of the Bear Lake. Plateau. These hills are composed of the 
variegated Wabhsatch conglomerates and sandstones, bright red colors 
predominating. They are rounded in outline, and rise some 1,000 to 
1,400 feet above the valley, increasing in height toward the north. They 
will be referred to again under the head of the Bear Lake Plateau. 

The western side of the broad valley is covered with gravel outside of 
the immediate river-bottom. This gravel is derived from the weather- 
ing of the conglomeritic sandstones of the Wahsatch Group. There are 
few settlements in the Upper Bear River Valley in our district. South 
of our district, however, there are several towns, Randolph and Wood- 
ruff being the ‘principal ones. 


« 
SMITH’S FORK GCF BEAR RIVER. 


Smith’s Fork enters the Bear River Valley from between two high 
buttes in a valley less than half a mile wide. Side by side with it is a 
small creek (Spring Creek) that rises in the ridge east of the bend of 
Smith’s Fork. Just below the point where the two streams come out 
into the valley there is a small settlement called Coketown. The butte 
on the south side of the gap was named Station Butte. Station 37 was. 
located on its summit. It is composed of Carboniferous limestones, rep- 
resenting the axis of an anticlinal, which is well shown in the opposite: 
_ butte, which was named Coketown Butte. The latter is really the south 
_end of the Sublette Range. The strike is north, or perhaps a little west 
of north. The Carboniferous limestones are very sharply folded, stand- 
ing on end in the centre of the fold and dipping 80° to the westward on 
the west side. The following general section was made from the butte 
eastward to the coal outerop. The relations will be better appreciated 
by a reference to the accompanying plate, where the section from Bear 
River eastward across the bend of Smith’s Fork to the range is given. 


Section 24, on north side of Smith’s Fork. 


1, Massive prayish-blue limestones.......---2..-.--.-+-.--+---- 
2. Blue limestones -..... 2-22 -2--: 800 feet. 
These two layers comprise a thickness of 500 to 800 fect ...--. 
SMES PACE LE OMCLE (Lo aie er ceaiar cet n Syletarerery geo aalhee abs ee aba kos 
Apaarovmeshiales: calecareOus: sc) 2s6 6 -scersanccs snecsss ese ease = 
5. Bliish-gray limestones, containing fragments of an indistinct 
EMOMUCUUSR ARE Mo Ris dee ania Nah. qs een MOa Sek woe a. ok .4 
5. Gray limestones and calcareous shales near the top. The fol- + 500 to 600 feet. 
lowing fossils were found: Aviculopecten idahoensis, Ostrea | 
? They were | 


=? Lingula brevirostris? Myacites 


all fragmentary and identified with some doubt....------- | 
6. Grayish-brown limestones.-.-..----. HOSUR REIN EE IE, Sa 
7. Space covered with reddish débris ......-..----..----++------ ) 
8. Blue liméstone, containing the following fossils: Lumicrotis 
curta? Lingula brevirostris? Av iculopecten Pr he ae als 
RW OMEECOMS COR ee eee ete ea nS ameter, a cee, NN eee 
HOMGravishwlimestonesin.< sss. Mawes sa sug see see. seek Led 6 
11. Space covered by red and gray débris ...--. ..---.-.--++- suis LUO te U si 
iv Greemian oany, Sangestones: 4. <- o---sgedecs -t-na-geedeao~s- 
13. Laminated gray sandstones, with black slates ......----.---- 
14.Greenish-sTay sandstones ~.2-. 2.2242 ..2022 Se. cont cone cbse 
WS eMCGHUNE Ag = es Pee ISR. glides es cca emednade le Mies 
er OU ener a in See tete Sie c naini homestead Sepa sd ccyeme 2, 800 to 3, 200 fect. 


In bed No, 14, which is rather a poor quality of coal, a shaft has been’ 
‘sunk and a tunnel opened into the bed from below. "The former is 80 
feet deep and 7 feet in width. The tunnel is inclined and has penetrated 
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nearly 100 feet. There are several beds alongside of the 1 main Bea 
They stand almost on end, dipping slightly toward the east. In some 
of the coaly slate I obtained fragments of Unio Vetustus, and a number 
of undeterminable shells which warrant reference to the Laramie Group. 
There are two claims located on the bed on the north side of the valley 
and several on the south side. There is scarcely any doubt that this 
coal-bed is the same as the one of Twin Creek, and that it should be 
referred to the Laramie Group. The fossils obtained below are Jurassic, 
and there would appear to be but a small thickness of Cretaceous pres- 
ent, if any, as the greenish-gray sandstones just above appear to be a 
portion of the Laramie. Going farther east we find red conglomerates 
outcropping on Smith’s Fork abov e the bend, with an eastern dip. These * 
sandstones and conglomerates disappear beneath a broad terrace which 
rises 241 feet above the level ofthe stream. Back of this terrace, between 
it and the hogbacks that extend along the range, there is a broad valley, 
evidently one of the old river-beds for Smith’s Fork. South of the bend 
of the river this terrace does not exist, and the beds that underlie it 
form a series of eastward-dipping hogbacks. These hogbacks are formed 
of the reddish and gray sandstones that outcrop farther north in the 
valley of Smith’s Fork. Beneath the sandstones are blue limestones 
which rise on the range; in one layer a large number of Camptonectes 
Stygius,? were observed. These limestones are probably above those in 
which fossils were obtained west of the coal opening. Below them are 
the following beds forming the range: 

Blue limestones. 

Dark-red sandstones. 

Light-red sandstones. 

ed limestones. 

Red sandstones. 

Covered space reaching to the level of Pine Creek. 

Carboniferous limestones. 

The latter are on the east side of Pine Creek. The inter stream rises 
east of the hogbacks, between them and the main ridge, which is the 
continuation of the ridge east of Rock Creek. It joins Smith’s Fork at 
the bend. From the bend of Smith’s Fork northward to the Forks is 
about nineteen miles. The course from the Forks is somewhat west of 
south. In the lower part of the valley, as we have seen, the river is 
west of the synclinal. As we follow up the river we soon find it oc- 
cupying the axis of the depression, and it flows between hogbacks 
which have rather rounded outlines. The few outcrops noted | are of 
gray sandstones. To the westward are hich, rolling hills and spurs from 
the Sublette Range. The only fossils found in the beds underlying the 
hills nearest to the river were of the Bear River Laramie Group. Just 
below the Forks the course of the river is somewhat eccentric. After the 
two forming streams unite, the river flows to the northwest for about 
half a mile, when it turns to the southwest and comes out into the valley 
that continues southward. The two branches join inacanon. TFollow-. 
ing up this caiion we cross, first, the sandstones that form the hogback 
along the east side of Smith’s Fork. Below the sandstone are shales 
with. a coaly layer. Below are more sandstones and shales, and then a 
conglomerate somewhat metamorphosed, or seemingly so. It is quartz- 
itic ‘and dark colored, with red and li ehter colored pebbles. It has con- 
siderable resemblance to the conglomerate of the Dakota Cretaceous. It 
dips to the westward at an angle of about 30°. No fossils were found — 
near it, neither just above it nor just below, so that its age remains 
doubtful. Below there is a considerable thickness of shales and sand- 
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stones, probably some 4,000 feet in all. The soft character of these beds 
causes them to weather into rounded hills, in which all the outcrops are 
obscure. — 

As far as seen, the beds resemble very closely those seen on the west 
side of John Day’s River, and they oceupy the same relative position. 


If the conglomerate above is Cretaceous the group must be referred to 


the Jurassic ; if not, it may represent the Cretaceous, while the beds 
above should be referred to the Laramie Group. The continuation of the 
section west from Smith’s Fork would seem to favor the latter view. 
Until more fossils are found, I shall refer the beds partly to the Cretaceous 
and partly: to the Jurassic, as just below the shales are limestones contain- 
ing Jurassic fossils, and on John Day’s River the limestones containing 
Pentacrinus asteriscus were some distance below the Belemnites bed, 
which was separated from them by reddish shales similar to those above 
the limestones on Smith’s Fork 

These limestones form a bluff on the Lake branch of Smith’s Fork. 
The exposure of limestones shows a thickness of about 800 feet, and 
above is a thickness of about 1,800 feet of the reddish shales and sand- 
stones. Near the top of the limestones I found: 


Ostrea strigulecula. 
Pentacrinus asteriscus. 
Tancredia ? 
Undetermined conchifers. 
Undetermined gasteropods. 


These prove the Jurassic age of the limestones, and they are probably 
identical with the “ Pentacrinus beds” of the section made on John Day’s 
River, near the mouth of McDougal Creek (in the preceding chapter). 
The limestones: form cappings on the slopes of the hills on the east side 
of the Lake Fork, although they do not reach to the summits, which are 
mainly of red sandstones. The section as just given in general is as 
follows, corresponding with the profile in the accompanying plate: 


Section No. 25, along Smith’s Fork, west from Station 43. 


Base: ; Thickness in feet, 
1. Red sandstones outcropping on Station 43. 
2. Blue limestones containing Jurassic fossils, Pentacrinus, &¢....------.----- 800 
Se eareoushsh Mess <tccmysscrraeeuny. testes moeenl ds cadarnde s Bap eh oct eee ; 1 800 
4. Reddish shales and sandstones...--..--<-. .--+-5----<\+ -s+00-serecs snes ? 
5. Space covered with debris of sandstones and shales.....--..-----.--------- 4,000 
Gam @omolomerabelecmr sce sso eee teens eea ra ccs ce ems seen a DUNS eens Ee 2 4.000 
7. Sandstone shales and Sand Stones; 28 & ets SSeS ee. ale SEE ee 2 
Sh, LEM Gi cl ke S) Na Vetet ANSE SA ite cnn EO ee on Oe een ee ee ee A eee 1.300 
SRO RCEMISH- ay SANG SLONES ni afateg nic ele onsets ewe wenin ool e gp selnse maa a3 
kote A SE eke bake | ee SLA Hin) Bl esas SRR os Ome 08 Wine Roe eee Ree Ba ees ed oe Ly ia 00) 


The dip is 30° westward, as far as Smith’s Fork, which is in the syn- 
clinal depression. 

Between four and five miles above the Forks the stream is formed by. 
two streams, one of which is called the Lake Branch. It comes from the 
north, while the Southern Branch comes from the east, draining the region 
east of Stations 42 and 43. The former is located in the bend of the 
creek, on a high rounded hill of red sandstones, while station 43 is at the 
northern end ‘of the same hill. Jt is on the axis of a fold which is well 
shown in a high hill a couple of miles farther north. The axis of the 
fold appears to have a direction somewhat west of north. Toward the 
south, however, it appears to curve so as to be north and south, and the 
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topography indicates thatitis the same fold shown in the Carboniferous 
limestones east of Rock Creek. Here, however, the red sandstones 
(probably Trias) form the surface of the fold. Station 42 is a little to: 
the west of it. 

Hast of the ridge is a synelinal depression, the centre of which is oceu- 
pied by gray beds identical with the limestones seen in the bluff on the 
west side of the Lake Fork. They are continuous with them a few miles 
to the northward, where the anticlinal ridge is lower, and the fold in 
_ the Jurassic preserved. Iam unable to say how far south this syneclinal 
depression continues. It appears to narrow very rapidly, and probably 
soon dies out, leaving the red beds to form a broad anticlinal. The 
latter rise from beneath the gray limestones and form the summit of the 
range to the eastward. The eastern face of this range, as we saw when 
describing the head of La Barge Creek, is composed of Carboniferous 
limestones, presenting a bluff face toward the valley of the La Barge. 

North of Station 43 is a beautiful emerald lake (Lake Alice), which 
has apparently no outlet. It has been formed by a landslide at the 
mouth of the gorge separating the station hill from the one north. 
Whatever outlet there is, must be beneath the mass of earth that has 
dammed up the stream that once occupied this gorge. The lake has no 
beach. It is five miles long and less than three- -quarters of a mile in 
width at the widest portion. The fold of Station 43 is probably the 
southern continuation of the western fold of the Salt River Range. 
Between the two points, however, the reddish shales that lie above the 
Jurassic limestones outcrop and form the surface. The eastern fold of the 
range also begins a short distance north of this point, the red beds rising 
from beneath - the gray limestones. The whole region is so complicated 
that I can only pr esent the most general features. The investigation of 
these folds will well repay the student of geology, and before coloring 
the final map of the region I hope to be able to revisit it. 

The Lake Branch, as we have seen, has its valley cut almost entirely 
in Jurassic rocks, and fiows south in a monoclinal valley. The main 
branch has an almost parallel course, rising however, some miles farther 
north, viz, between the head of La Barge Creek and the extreme source 
of Salt River. The upper course of the river is in the variegated beds 
that lie just above the Jurassic limestones. Near the junction with the 
other fork it is in the shales and sandstones that lie above the conglom- 
erate, layer No. 6 of Section 25. The section west of Smith’s Fork will 
be given subsequently, when considering the Sublette Range and the 

region of Thomas’ Fork. 

The valley of Smith’s Fork above the bend has but little available 
agricultural land. The mountains at the head of its various branches 
are well timbered with pines. The lower valley merges into that of Bear 
River, and is meadow-like and well grassed, although somewhat high 
for eeneral agricultural purposes. Some of the settlers seem to think, 
however, that there has been some chan ge in the climate since the first 
settlement of this region. No accurate “observations have been made, 
and it is probably only an opinion, with very little fact for a foundation. 


SUBLETTE RANGE. 


The Sublette Range is a short range of rather rounded form, rising 
2,000 to 3,000 feet above Bear River on the-east side, extending north 
between Smith’s Fork and Thomas’ Fork. The total length of the range 
is about twenty-one miles. It is divided into two portions by a branch of 
Thomas’ Fork. The northern portion was not visited by us; but judg- 
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ing from what we saw south and north of it, its component rocks are of 
Jurassic age, which are folded as they are to the south. In the northern 
portion of the south end of the range, Station 38 is located. A frag- 
ment of a Zaphrentis from the station was brought in, which indicates 
that the centre of the range is Carboniferous. ‘The exposures of rocks 
are very limited. Last of Station 38 Jurassic limestones dip to the 
eastward, and on the west red sandstones are seen dipping sharply to 
ine westward. The range is therefore a sharp anticlinal, with perhaps 

a slip on the west. Following the ridge of the station southward, we 
find that it becomes eroded into a number of peaks with round summits, 
which end five miles south of the station, on the north side of a branch 
of the bear, that rises in the range east of these peaks. On the east 
. Side of this creek we find the range » continued in a ridge which is com- 
posed of Jurassic limestones representing the eastern members of the 
anticlinal fold. At the north end of the ridge is a peak which connects 
it with the range. Here the following were ‘obtained : 


Pentacrinus asteriscus, 
Camptonectes bellistriatus, 


which prove the Jurassic age of the layers. Pentacrinus asteriscus 
was also found at several other points in the ridge. 

This ridge is about three miles in length, and ends against a branch 
of the creek which separates it from the main range. South of itis a 
collection of rather broad-topped hills, rismg about aI 909 feet above the 
Bear, and in their strata dips to the westward were seen. It would 
therefore seem to be the western side of another anticlinal fold, for in 
Coketown Butte and east of it the dips are all to the eastward i in the 
Jurassic rocks, while the butte itself shows the anticlinal in the Carbo- 
niferous limestones. At first I was inclined to consider the latter fold to 
be the same as that in the main range, but there are indications that the 
strike is a little east of north, which would carry the axis east of that 
shown at Station 38, and render it probable that this fold is the same 
as that of Station a1, which is 22 miles north on a branch of Thomas’ 
Fork. The folds are ’ sharper towards the south, and we have seen that 
the limestones in the centre of the anticlinal dip 80°, and that the coal- 
bed in the Laramie Group stands on end. In the region of Station 41 
the greatest dips do not exceed 40°, and are generally only 25° or 30°, so 
that the folds have become much ’proader, and the older beds do not 
appear, the sandstones of the Laramie ? ‘Group forming the surface 
rocks. 

However, before it can be asserted that the folds are identical a sec- 
tion must be carried directly east from Station 38 to Smith’s Fork. 
East of the station there is a high, somewhat-rounded hill, that is proba- 
bly on the axis of the fold, and another similar one south of it appears 
to continue the line towards Coketown Butte. What the connection is 
_ between the Jurassic and the Laramie I am, in the absence of fossils 
from the intermediate beds, unable to determine positively, although I 
think the Cretaceous is present. The valley of Bear River between 
Smith’s Fork and Thomas’ Fork is comparatively narrow, widening out 
as we approach the latter stream. In two small hogback ridges on the 
west side of the Bear, below the inouth of Snitl’s Fork, the rocks show 
westward or northwestward dips. They piobably represent a portion 
of the anticlinal of Coketown Butte. 


THOMAS’ FORK. 


Thomas’ Fork is a large and important branch of the Bear. It drains 
the country north of the Sublette Range as far as Crow and Beaver 
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Creeks (branches of Salt River), and also the country south and west of 
the southern end of the Preuss Range. This latter region was not vis- 
ited, but was worked topographically from the surrounding high country. | 
From sections made south and north of it, it has been considered as 
having the Jurassic as the surface formation, and it has been so colored _ 
on the map. . 

On the west side of Thomas’ Fork, however, north of the Sublette 
Range, we have Station 41, located on a coarse, gray sandstone, which 
is conglomeritic in places, and dips to the westward at an angle of 
about 45°. Just east of the station the dip is to the eastward, so that 
the station is located on or near an anticlinal axis. This is, as I have 
said before, probably the fold of Coketown Butte. Following the axis 
to the north, the beds of the station are seen diverging as the elevation 
increases, so that when the divide to Beaver Creek is reached, under- 
lying gray beds (probably Jurassic limestones) come to the surface and 
form the centre of the fold. At the point of a ridge, which is about a 
mile east of the station, the following fossils were obtained : 


Unio vetustus. 

Corbula pyriformis. 

Corbicula ( Veloritina) durkeet. 
Pyrgulifera humerosa, 
Goniobasis chrysaloidea. 
Goniobasis cleburni. 

Ostrea 


These prove the beds to be the Laramie Group, and equivalent to the 
Bear River Laramie. 

Between the point where these fossils were found and the station there 
must be at least 3,000 feet of sandstones, in which occurs a band of 
black shales, like those of the section on the east side of Smith’s Fork. 
Kast of the outcrop containing the fossils the principal outcrops show 
gray and greenish sandstones. If the conglomeritic sandstone of Sta- 
tion 41 is the same as the conglomerate (No. 6) of the section east of 
Smith’s Fork, as I am disposed to think, then the coaly, black shales 
above are also identical, and these beds should, therefore, in all proba- 
bility, be referred to the Cretaceous; but this division is made with- 
out any fossils having been found to warrant it. In an accompanying 
plate the section from Station 41 eastward is given. 

West of the station another synclinal fold is seen, beyond which the 
eray Jurassic layers appear to outcrop in a bluff on the east side of the 
middle fork of Thomas’ Fork. 

Thomas’ Fork joins the Bear in a beautiful broad valley which is from 
two to four miles in width, and from the eastern side, the Sublette Range 
rises nearly 4,000 feet above it. 

This valley is apparently a monoclinal in red sandstones. On the east 
side they rise inclining steeply from the range, and on the west they dip 
westward, outcropping in low blufts. The folds that are found in the 
rocks west of Thomas’ Fork will be noted under the head of Bear Lake 
Plateau. 


BEAR LAKE PLATEAU. 


Geologically the Bear Lake Plateau is the northern continuation of 
- the Bear River Plateau of King’s map (Atlas, Exploration of Fortieth 
Parallel). Topographically the latter ends west of the south end of 
Bear Lake, where the Wahsatch beds that form it are much more in- 
clined, while on the east side the plateau is continued by the same 
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beds. Immediately south of the lake the older beds outcrop where the 
Wahsatch beds are removed, as I shall describe a little farther on. In 
1871 Dr. Hayden crossed the plateau very nearly on our south line. He 
Says:* 

After crossing Spring Creek, near Laketown, we enter a deep cation with massive 
strata of limestone, inclining about northeast 50° to 70°. We have at the bottom first, 
very irregular-bedded, massive, cherty limestone, with no fossils; secondly, a yellow, 
caléareous sandstone of varied texture; thirdly, ‘limestone in thin strata, very much 
warped or bent. * * * From the summit to Bear River Valley the variegated ‘beds of 
the Wahsatch Group conceal all the older rocks. 

From the divide we descended the valley of Sage Creek to Bear River Valley. The 
Tertiary strata are nearly horizontal on either side. These rather modern beds par- 
took of some of the later moy ements, and incline at angles from 1° to 10°. 


Station 107 was located in the east side of the plateau about seven 
miles north of our south line. Gray conglomeritic sandstones outcrop 
on the station, and below them red and purplish sandstones, and below 
the latter light-greenish and white sands and marls. All ‘these beds 
dip gently to the eastward from the station, seeming to pass beneath 
the alluvial deposits of Bear River Valley. West of the station the dip is 
to the west, but the beds soon become horizontal, rising again a little as 
we approach the western edge of the plateau near Station 108. North 
of Station 107 the westward dip in these beds becomes greater, and the 
eastern side of the fold has been considerably eroded, so that we find 
that instead of a plateau there is a ridge of hills, which have been 
named the Boundary Hills, from the fact that the western boundary line 
of Wyoming crosses them, following approximately their strike. Near 
the edge of Bear River Valley the Wahsatch beds show in the hills as 
far north as opposite the mouth of Smith’s Fork. On the summit they 
extend much farther north, forming the capping of the ridge. 

Station 108 is on the west side of the plateau, about six miles north 
of Station 107, and about eight miles farther west; Station 108 is on 
basalt, which has the appearance of being derived from a dike. There 
is no other remnant of basalt anywhere else on the plateau, nor, as far 
as seen, in the surrounding country south of Soda Springs, and this 
basalt is evidently not derived from the same source as that of Black- 
foot Basin. It forms the capping to the station, which is a prominent 
hill, as seen from the surrounding country. On the maps published by 
the General Land Office it is named Mount Kimball, and this name has 
been adopted by us, as our plan has always been to use accepted names 
tor mountains and peaks wherever we can find they have been named 
either by the settlers or previous explorers and surveyors. 

Below the station the following section was made: 


Section No. 26. 
1. Basalt. 


- 2. Coarse white enters 


3. Soft red sandstones with conglomeritic bands. 


The entire thickness, including the basalt, is about 1,000 feet; 800 
feet is probably the thickness of the Wahsatch beds here. They are all 
below the beds of Station 107. I was unable to get a section that gave 
me the entire thickness of the Wahsatch beds on the plateau. Below 
the beds of the section just given a coarse limestone outcrops, one layer 
of which is filled with remains of an indistinct ostrea, like Ostrea strigu- 
lecula. The dip of these limestones is eastward, and the outcrop is 
on the east side of a gully, which separates the Wahsatch beds from a 


-*Report U. 8. Geolog. Survey for 1871-72, pp. 157-158. 
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ridge that rises from the edge of the lake. In the latter the dip is to 
the westward, and the following beds were noted as ponmmate the section : 


Section No. 27. 
1. Red sandstones. 
2. Red and white quartzitic sandstones. 
3. Pink quartzitic sandstones. 


The last bed forms the western slope of the ridge that rises from the 
lake shore. The red sandstones of layer No. 1 are probably the same 
as those at the base of the section at Station 100, yet. to be given, 
although it is possible that they are just below them, "as the strike pro- 
longed’ to the northward would fall a little east of Station 100. The 
ridges on the lake north of the station appear to curve somewhat, and 
probably show a swerving in the strike. 

The finding of Jurassic fossils in beds dipping to the eastward indi- 
cates a possibility of an anticlinal fold west of Station 108. Looking 


north from the station, a fold is seen in the bluff on the north side of 


North Eden Creek. This fold is very distinctly shown in beds that lie 
below the red sandstones. This is probably the same fold through 
which the Bear flows east of Station, 100, and across which a section 
has been made. At that point the western side of the anticlinal dips 
comparatively gently. Here, however, the western dip is steep, and at 
Station 100, also, the dip is rather steep, reaching 60°. As we godown, 
however, it decreases. If it is another fold, it must begin south of the 
Bear. North of North Eden Creek the Wahsatch beds rest uncomform- 
ably on the Jurassic and Triassic rocks for some distance north. They 
appear to be almost horizontal, and to have been deposited on the eroded 
surfaces of the upturned older rocks. 

South of Bear Lake the Wahsatch beds have been removed , exposing 
the underlying Palwozoicrocks. On Station 110, east of Spring Creek, 
iMy. Mushbach obtained the following fossils: 


Spirifer Rockymontanus. 
Athyris subtilita. 
Productus 2 
ZLaphrentis 2 
Crinoidal fragments. : 

The limestones from which these were obtained dip to the eastward 
and represent the eastern portion of the anticlinal that lies west of Sta- 
tion 108, the overlying Red Beds of Jurassic limestones being eroded 
away. A short distance north of Station 110 the Wahsatch beds rest 
on these limestones, coming to the edge of the hill overlooking the south 


end of the lake. Station 109 is abou three miles west of 110, and is on: 


quartzites, whether of Carboniferous or Silurian age I am unable to say, 
no fossils having been obtained from them or nearer to them than Sta- 
tion 110. 
_ Returning to the northern portion of the plateau, we find it limited 
by the cation of Bear River, which crosses with a most eccentric course, 
best shown on the accompanying map. 

The following is the section trom Staticn 100 west to the ridge that 
slopes to the edge of the lake: 


Section No. 28, west from Station 100. 


Base. Thickness in feet. 
1. Red sandstones .-.---- whe SUE ME eee Heed Soda seo mesa secS2 Ses 2 
2. Red sandstones, somewhat lighter in color than No. 1.......-..-..--.----- , 200 
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Tau Thickness in feet. 
4. Red sandstones, with interlaminated brick-red shales.-....--------------- 66 
5 Pnrplish limestones. -.- 2-22 - <2. ~~~ == we sins sews seems cane = va - oan ee 


6. Space covered by a red debris, over which bowlders of white quartzite are 
scattered. The angle of dip in the beds up to this point is 40° to southwest. 


The strike of the beds is north 2° west. -.-.-.--..-.--.------------+----- 200 
7. Dull purplish-red, coarse sandstones, with about 15 feet of light-colored 
siliceous sandstone at the base... .------.22-..0---- 2-2). odes een eee 
8. Space in which beds are covered -..--...-.-.--....----------- +--+ .---- 35, 
9) Coarse, yellowish sandstone. -.. 2202/2222 f2- 22 (eta se sees te see 
10. Space covered (probably sandstones) ---...-------------+-------. -----+---- 100 
11. White limestone, shaly at the base, and having a yellow band near the top. 
The strike is north 7° east; dip, 60° to the northwest ......-.----------- 40 
12. Space in which beds are covered by a reddish débris, among which frag- 
ments on limestone are: found... --..c255. 2556... 22-- ste Soa a ERE 540 
13. Gray limestones, with indistinct fossils, among whichthe following have been f 
identified : Humicrotis curta, Aviculopecten idahoensis ....-----.--------+--- 90 
14, Bluish-eray limestones, with bands of sandstone. The limestones are fossil- 
iferous, containing the same fossils that are found in layer No. 13.....--.- 80 
15. Gray-blue limestones like No. 14. .The strike is north 9° east; dip, 60° to 
PHERTMONN EWES ees ke ees 2 ok Sate Meets cals Caw borelsc= SRE Leer Oa) 
16. Space in which the beds, which are covered, are probably limestones and 
shales, as indicated by a few obscure outcrops......-.------------------- 49) 
17. Laminated limestone in thin bands, with shaly layers covered in many 
placeshywathva yellowish débris ». .....2-c22i2c2. ..- 20s! Revie Ole yes 
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On layer No. 26 a location was made. Looking south from this point, 
the ridges into which the beds have weathered appear to run out under 
Bear Lake. 

Station 101 is located 34 miles north of Station 100, and is on red 
sandstones. Between the stations there appears to be a deflection to 
the eastward in the strike of the sandstones. 

As we have seen, all the beds in the section have dips to the north- 
west. The beds, therefore, must be a portion at least of the western 
side of the anticlinal, the axis of which is seen in that portion of the 
cation of Bear River where the river is flowing almost due north. 

On the north side of the Bear, about due north of Station 101, there 
is an outcrop of quartzitic sandstones and blue limestones, dipping 
north 63° west at an angle of 30°. Below these beds the red sandstones 
outcrop at the point where the cation begins at one of our sub-stations, 
and between are limestones and limestone shales. 

The sub-station (a) is on a point opposite where the Bear bends from 
its northern course to a northwest course. At this bend a stream comes 
in from the north, occupying the axis of the anticlinal in which the Bear 
lies to the south. The valley is continuous, and has beautiful meadows, 
which have been only partially taken up by settlers. On the west side 
of this valley is,a rather prominent ridge, on the south end of which 
another sub-station (b) was located. This station is on red sandstones, 
which dip south of east about 70°. Toward the north this dip must be 
more to the south, as indicated by the dips observed farther down the 
Bear on the west side of the anticlinal. Still farther to the north the 
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topography indicates that the strike curves to the westward, and con- 
tinues the fold northward into the Preuss Range. 

Above the red sandstones is the following section, running eastward to 
Thomas’ Fork, the figures corresponding with those in the accompany- 
ing plate: 


Section No. 29, from Bear River eastward to Thomas’ Fork. 


. Red quartzitic sandstone, dip 70° to southeast. 

. Laminated limestones. 

. Blue limestones. 

. Limestone shales. 

Blue limestones, with fragments of an indistinct pain probably O. strigulecula, 

dip 60° to southeast. 

Valley in which beds are concealed. 

. Blue limestones dipping southeast rather steeply. 

. Limestones like No. 7, almost vertical, but dipping northwest. There is some 
crushing of the beds here, but time did not permit close investigation of the 
sharp fold. 

9. Covered space. 

10. Limestones dipping northwest about 45°. 

11. Valley covered with débris of limestones. 

12. Arenaceous and calcareous shales. 

13. Space with covered beds. 

14. Laminated blue limestones, dip northwest. 

15. Conglomerate with arenaceous matrix, containing rounded fragments of quartzite 
and limestone. This conglomerate rests horizontally and unconformably on the 
limestones of layer No. 14. 

16. Covered space. 

17. Limestones. 

18. Space. 

19. Red sandstones. 

20. Valley of Thomas’ Fork. 


LID OBWYe 


, 


21. Red sandstones, rising high on the slopes of the Sublette Range, standing almost 


vertical, dipping to the westward or northwest. 


The red sandstones of No. 19 are probably the same as those of Sta- 
tion b, and also those outcropping across the Bear, west of the station. 
The station is on the sharp side of the anticlinal, the beds on the west 
side dipping comparatively gently to the west. The distance between 
this point and Station 100, which is also on Red Beds, seems too great for 
the Red Beds of both points to be the same fold; so that there is proba- 
bly another fold which begins between the two points and continues 
southward toward Station 108, which we have already described. 

From layer No. 8 to the end of the section just given we find the lime- 
stones, &e. (layers 10, 12, 14, 17, and 19), outcropping in low ridges so 
obscurely that the angle of dip could not be determined. There is 
searcely any doubt of their Jurassic age, judging from the few fossils 
seen and their position in relation to the Red Beds. As to the conglom- 
erate, layer No. 15, I am inclined to consider it of Pliocene age (the § same 

as similar beds in Bear Lake Valley, yet to be described), as they do not 
resemble the Wahsatch beds on the plateau, which are also at a much 
higher level. However, nothing was seen by us upon which any more 
definite statement as to the age of the beds could be based. What was 
seen was a mere fragment, but it indicated that this region has been 
covered by a lake, and the probability is that the lake existed in late 
Tertiary, or possibly in Quaternary time. 

The Bear Lake Plateau therefore consists of an irregularly-eroded sur- 
face of the Wahsatch conglomerates and sandstones which rest upon 
the upturned and eroded ‘ede es of Paleozoic rocks; the latter for the 
most part of Jurassic and Driassic (?) age. Toward ‘the north the folds 
observed inthe uncovered portions of these beds show that before the 
deposition of the Wahsatch Group the older rocks were subjected to 
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considerable upheaval and compression resulting in the formation of a 
series of folds with northeast and southwest axes. Following this fold- 
ing was a period of erosion when the beds were probably above the sea 
level. Subsequently they formed a portion of the bottom of the early 
Tertiary lake, to be again uplifted and eroded late in Tertiary time. The 
Wahsatch beds show, as we have seen, a slight synelinal on the plateau, 
and west of it, along the east.edge of the Bear River Range, south of 
Bear Lake, they are quite sharply upturned. Following the erosion of 
the Wahsatch, we find evidences of another lake, which was probably 
quite local. AL, 
BEAR LAKE VALLEY. 


From the cafion at the north end of the Bear Lake Plateau the river 
comes out into a broad valley, which is evidently an old lake basin. It 
is now occupied, at this point, by a marsh which, at certain seasons, be- 
comes a lake. In this marsh Bear River loses its character as a stream, 
and emerges again at the north end of the marsh. South of the marsh . 
is Bear Lake. It occupies the depression between the Bear Lake Pla- 
teau and the Bear River Range. It is evident that the existing lake is 
but the remnant of one that-was much larger. The view of the lake 
from the Bear Lake Plateau is beautiful; the water has an exquisite 
blue tint, which is equalled by few bodies of water in any part of the 
world. The shape of the lake is somewhat peculiar, both the north and 
south ends being almost square-cornered. The length is 19 miles, and 
the greatest width 8 miles. The average width of the main body is 
about 6 miles. Toward the south it narrows to 4 miles. The shape of 
the lake is best appreciated by reference to the map. The depth of the 
lake, as given in the report of 1871 (p. 156), is 175 feet at the deepest 
portion, with an estimated average depth of 40 to 60 feet. The lower 
portion of the lake is in Utah and the upper portion in Idaho, the line 
crossing it a little north of the mouth of Swan Creek. 

The marsh north of the lake is separated from it by a very narrow, 
beautifully curved bar, which is only slightly raised above the level of 
the water. This marsh is partially lake, near the: main lake, and at 
some Seasons must be a real lake of considerable extent. This fact has 
led to confusion on some maps which give two lakes. When we were 
there, in August, the lower body was almost entirely a marsh. 

There are numerous towns in the valley. At the south end of the lake 
Lake Town and Meadowville are two flourishing villages, with popula- 
tions of a little over 100 each. On the west side are the following towns: 
Swan Creek, Fish Haven, Saint Charles, Bloomington, Paris, Ovid, and 
‘Liberty. Below the marsh, on Bear River, the towns are Montpelier, 

Bennington, and Georgetown. The entire population of the valley is 

about 1,500. 

On the east side of the lake there is a very limited area of cultivable 
land on which there are several small settlements. 

The soil of Bear Lake Valley is fertile and well watered, but the win- 
ters are severe, and late and early frosts are frequent. The elevation of 
the lake is 5,943 feet. Wheat of good qualityis raised. The geology of 
the eastern side of the lake has been given under the head of the Bear 

‘Lake plateau. South of the lake there is a broad valley covered with 
Quaternary deposits, which represent an area of good agricultural land. 
In the hills Carboniferous limestones and quartzites outcrop from beneath 
the Wahsatch beds. The latter rise on the western flank of the Bear 
River Range. The southwest side of the lake was not visited by me, 
but from the notes of Mr. Mushbach it is evident that the Wahsatch 
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Group is not seen north of Swan Creek. On the west side of the southern 
extremity of the lake, Mr. Mushbach made two stations on a small hog- 
back-like ridge, in which a conglomeritic quartzite outerops with eastern 
dipss Near the mouth of Swan Creek similar quartzites were seen by 
him, with eastern dips, while in the range to the westward the dip is to - 
the west. There is here, therefore, an aunticlinal, the northern extension 
of an anticlinal that lies beneath the Bear River plateau, or perhaps the 
eastern portion of the very broad anticlinal that lies west of it, as shown 
on the maps of the Fortieth Parallel Survey. The latter fold, however, 
probably becomes narrower as it extends to the north. 

This anticlinal near Swan Creek is the same one referred to by Dr. - 
Hayden in the report for 1871 (p. 157), when he says: “The beds of 
quartzite incline like a steep roof from the west side of the mountain, | 
forming a wall very near the road. The inclination of the quartzites 
was 60°, while all along the sides of the mountains the basset ridges of 
the strata are shown inclining in an opposite direction 10° to 15°.” The 
_ lake is probably underlaid by atleast one anticlinal fold. We have seen 
that the ridges south of Station 100 run out under the lake. Quartzites 
are the prevailing rocks in the foothills on the west side of the lake, and 
they come down close to the lake, forming rounded ridges, between 
which there are numerous rapid and clear streams. 

From the north end of the lake the valley on the west side widens, 
and west of the marsh itis from two to three miles to the edge of the hills. 
Northwest of the town of Paris outcrops of white beds are seen on the 
lower hills. Station 115 was also located on similar hills in which white 
limestones and sandstones outcrop. Remnants of similar beds are also 
seen on the hills to the westward of the station. They are so like the 
beds seen in various portions of Cache Valley that they have been col- 
ored aS representing the same formation, viz, Pliocene Tertiary. Back 
of Montpelier, on the east side of the valley, limestones are seen with adip 
to the westward. They come up over the ridge and are probably of 
Jurassic age. <A little farther south an outcrop of white sandstone was 
noted, probably Pliocene? The valley here is very broad and covered 
with a local drift. -This drift extends along the valley of the Bear as far 
as Soda Springs. The Pliocene beds are probably present on both sides 
of the valley as far as Twin Creek. The latter stream drains the west- 
ern slopes of the Preuss Range. It has a broad meadow-like valley, in 
which Georgetown is located. The southwest spurs of the Preuss Range 
are probably composed of Jurassic rocks, although the Carboniferous 
may show in some of the deeper gorges. Back of Bennington Dr. Hay- 
den made the following section in 1871: * 


Top. Feet. 
1. Massive yellowish-gray, hard, and quite pure liméstone ..--.-. ......----..---- 200 
2. Hard, tough, bluish or steel gray, calcareous mud, with all the peculiar mark- 

ings of a shallow mud-deposit, in layers from an inch to two feet in thickness 
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they appear to correspond closely to the beds observed in the Aspen 
Ridge, which continues the folds to the northwest. 

Just north of Georgetown there are several buttes in which white 
sandstones and conglomérates outcrop. These Ij have referred to the 
Pliocene. The valley of Bear River between Georgetown and Soda 
Springs was not passed over by me, but there is no doubt as to its being 


* Report U.S. Geol. Survey for 1871, 1872, p. 155. 
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occupied by lake deposits. This valley was described by Dr. Hayden 
in 1871, and I quote from his report:* 


About three miles above Soda Springs, on the margin of Bear River, there is a bed 
of black slaty clay underneath the superticial deposits of drift, which contains a seam 
of impure ceal, visible only when the water is low in autumn. The slate above the 
coal is literally crowded with fresh-water shells, as Planorbis, &c. 

A little farther up the river, on the opposite side there are hills, cut by the river, 
showing about 200 feet of oray indurated sandstones, with beds of pudding-stones 
and light gray and whitish marly sand and clay, avery modern deposit, but attaining 
such a thickness and giving form to the high hills bordering the river, as to be regarded. 
as worthy of attention i in describing the ceological features of this valley. Imay y state, 
in short, that for 10 miles the valley and the foothills on either side exhibit an exten- 
sive deposit, gradually passing up into the Quaternary or drift, and over the drift is 
here and there a crust of basalt. There are also old spring deposits i in the form of 
rather compact tufa. 

About fifteen miles above Soda Springs the river cuts through a vast thickness of 
thin shales, varying in thickness from one-twentieth of an inch to an inch, averaging 
about one-eighth of an inch, thick, resembling the Green River shales on the Union 
Pacific Railroad. They are mostly ho: izontal, “but occasionally incline 8° to 5°. The 
reach a thickness of 500 to 800 feet and appear to pass up into variegated beds of light 
_ gray und pink sands and clays in this valley, resembling those of the Wahsatch Gr oup 
west of Fort Bridger. 


The appearance yof the large mass of shales in the valley of Bear River is not easily 
accounted for, and they do not appear to conform to the older rocks. No fossils could 
be found in the shales, and all I can say of them is that they appear to be of Modern 
Tertiary age, and that in the scooping out of the valley they seem to have escaped 
the general erosion. 

These beds last described are probably of Pliocene age and equivalent 
to those of Cache Valley and the Malade Valley. What their extent is 
on the west side of the river I am unable to say. They probably extend 
northward from Station 115, forming the lower hills west of the river, but 
north of Georgetown, I have no data as to their limit westward. Ihave 
therefore colored them only as bordering the valley along the foot-hills of 
the Bear River Range. 

The coaly layer noted three miles above Soda Springs is probably of 
the same age as a bed noted in Gentile Valley, with which Planorbis, 
Spherium, Limnea, and other fresh-water forms were associated. The 
beds in the latter case passed under the basalt, as do those near Soda 
Springs. It is altogether probable, therefore, that. the lake of Gentile 
Valley and Basalt Valley connected by a narrow inlet with the lake 
that filled the Bear Lake Valley and the valley of Bear River, north of it. 

We can, therefore, with considerable accuracy state that the Bear 
River Valley is a basin of at least three lakes. First, the Pliocene Ter- 
tiary Lake; second, the lake (probably Early Quaternary) which depos- 
ited the coaly strata; and thirdly, the late Quaternary Lake, of which 
aremnant still exists in Bear Lake and Bear Marsh. Whether the lake 
was continuous from Pliocene time is difficult to say, but it probably 
was not. At the end of the Pliocene deposition there must have been 
orographical disturbance, as we note dips in the strata at all localities 
where the beds have been seen. These dips at some places, as in Bear 
Lake Valley, are only a few degrees, but in others they were as high as 
60°. This subject will be referred to again in the résumé of the forma- 
tions. 

PREUSS RANGE. 


The main portion of the Preuss Range was described in the preceding 
chapter under the head of the Blackfoot River, which drains the greater 
portion of the mountains. The southern Spurs, however, form the east 
side of the Bear Lake Valley, and the Aspen Ridge is "the boundary 


*Report U. 8. Geol. Survey, 1871, 1872, pp. 154, 155. 
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of the Bear River Valley on the east side from Georgetown to Soda 
Springs. Mount Preuss is the culminating point in the range and at- 
tains an elevation of 9,979 feet. To the southward the range soon falls 
off and the Jurassic limestones curve over the ridges in a series of folds, 
probably not more than two in number. This region was not crossed, 
and we have, therefore, no geological data to present in regard to it. 

The slopes of the range are well timbered, and give the settlers in 
the valley a good source of supply for pine wood. The principal streams 
draining the southern portion of the range are Twin Creek and Tullock’s 
Fork, or Davis’ Creek. The latter in reality drains the ridges just 
south of the range. Between the two creeks are several streams, which 
in the spring furnish water for irrigation. Late in the summer most of 
them are without water. 

The nucleus of the range, as we have already noted, is Carboniferous, 
the limestones being very sharply folded towards the north. Jurassic 
limestones and sandstones, with beds of quartzite, are, however, the pre- 
vailing rocks. Their southern prolongations were crossed in the cation 
of Bear River north of the Bear Lake Plateau. 

The section of the beds at the latter point has already been given, and 
the sections north of Mount Preuss will be found in the preceding 
chapter. 


SODA SPRINGS AND BEAR RIVER BEND. _ 


The soda springs at the bend of Bear River have long been known, 
as the old Emigrant Road passes by them. On account of the effervescing 
gas and pleasant pungent taste of the water in some of the springs, they 
were known as the Beer Springs. Most of the springs are cold, only 
one or two properly deserving the name of thermal springs. The prin- 
cipal one is the one named the Steamboat Spring by Frémont. 

Steamboat Spring.—This spring is on the bank of the river, near the 
edge of the water.. It has a small cone about two feet in diameter, 
rising several inches above the surrounding level. The opening is coated 
with a bright red deposit of iron. There is a large escape of carbonic 
acid gas, which agitates the water so violently that it appears to be 
boiling. It is thrown about two feet at the highest, although this is 
only at intervals. It is accompanied by a subterranean noise, from 
which fact it was named. The depositis hard and almost like porcelain. 
An analysis is given in Frémont’s Report,* which is quoted below. 


Analysis. 

Carbonate-ofJime Jo: 2 scelisete tee ties 1. og neckd fed Ss ee ee ee 92. 55 
Canbonateofmacnesiai ac tyascicetnectac eis =i-F) se ieeeae)- eee eee eee ee 0. 42 
Oxide oObirons bs SS. Seinen ck ioe, saysccte seam See sadialsec cdot aaa eee eee 1. 05 
Silica 
dAulniaraianatya 4 2h. eS RGA SE A SS SPAIDEN PR eS Ea re een 5.98 
Water and less 

100. 00 


The water is not very agreeable in taste. It is slightly sharp, with a 
metallic and sweetish taste. Its temperature at 1.30 p. m., when the 
air was at 80° F., was 88° F. The following day it was 872° F. In 1871, 
the temperature was given as 854° F. The difference is probably due 
to a difference in thermometers, the temperature given by Frémont 
is 87°, showing that there has been but little or no change in the tem- 
perature. There is a very slight overflow of water. Near this spring 


*Frémont’s First and Second Expeditions, 1842-43 and 744, 
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are two small vents, from which hot air and gas escape. The tem- 
peratures here were 83° F. and 85° F. There is a great deal of old 
deposit surrot unding these springs, and the remnants of spring basins, 
in which the springs have long been extinct, are seen in many places. 
On the opposite side of the Bear several reddish and yellowish cones or 
chimneys are still standing. 

A small bluff just above the Steamboat Spring has a curious bright-yel- 
low tufa, with a coral-like structure, which has been deposited by springs 
in times long past. It is calcareous, colored withiron. The whole bank 
of the river for some distance is made up of tufa. Even some distance 

_back from the river there is but little soil, the hard tufa forming most 
of the surface, covered in many places with a saline efflorescence. 

Above the mound of yellow tufa, a creek comes in, which we will call 
Basin Creek, as the large spring at the head of it wasea Hed Basin Spring 
by Frémont. 

Basin Oreek.—Near the mouth, in a gully about 300 yards from the 
Steamboat Spring, is a spring about three feet in diameter. Thereis no 
iron deposit; and the water has a sharp, sweetish taste, with a slight 
escape of carbonic-acid gas. Its temperature was 50° FI’., with the air 
at 79° F. This spring I have named Cold Spring. Near it is a small 
hole, from which gas escapes through the water with considerable noise. 

Near the head of the creek there are several springs, some of which 

are ordinary cold springs. The largest spring is Basin Spring. This 
spring was not visited by us this year. The following description was 
given in the Report for 1871 (p. 152) by Dr. Hayden: 

Near the foot of the hills, a mile from the river, there is a sodaspring, with a mound 
about 10 feet high, with a large rim 30 by 100 feet, but with a small quantity of water 
compared with What formerly flowed from it; temperature, 533°. Near this spring 
are a number of large springs issuing from beneath the hills of limestone, without the 
deposit or the taste of the acidulous ones, so that we have in close proximity, and 
apparently coming from the same rock, with about the same temperature, acidulous 
and non-acidulous springs. There were two springs the waters of which were above 
the ordinary temperature, respectively, 764° and 78°. 

This spring is without doubt the same one described as follows by 
Fremont :* 

Descending the mountains and returning towards the camp along the base of the 
ridge which skirts the plain, I found at the foot of a mountain spur, and issuing from 
a compact rock of a dark blue color, a great number of springs having the same pungent 
and disagreeably metallic taste already mentioned, the water of which was collected 
into a very remarkable basin, whose singularity perhaps made it appear to me very 
beautiful. It is large—perhaps 50 yards in circumference—and in it the water is con- 
tained at an elevation of several feet above the surrounding ground by a wallof cal- 
careous tufa, composed principally of the remains of mosses, three or four, and some- 
times ten fect high. The water within is very clear and pure, and three or four feet 


deep, where it could be conveniently measured near the wall; and at a considerably 
lower level is another pond or basin of very clear water, and apparently of consider- 


able depth, from the bottom of which the gas was escaping in bubbling columns at . 


many places. This water was collected into a small stream, which in a : few hundred 
yards sank under ground, reappearing among the rocks between the two great springs 
near the river, which it entered by a little fall. 

,On the eastern branches of Basin Creek there are several springs, in 
which the water is cold and of agreeable taste. In 1871 some of these 
were named and temperatures taken as follows: 

Hill Springs, 565° F., 58° F., 535° F.—These are situated at the end 
of a ridge northw est ot the west village. 

Left-Hand Springs, 544° F., 523 © F—These are northwest of the Beer 
Springs. 

Beer Springs.—The Beer Springs, as named by Frémont, are on the 


*Fremont’s First and Second Expeditions, 1842-43-44, p. 188. 
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north side of the road on the west side of Soda Spring Creek. be 
says: 

They are very numerous and halfhidden by tuftsof grass. * * * They are some 
of them deep and of various sizes, sometimes several yards in diameter, and kept in 
constant motion by columns of escaping gas. By analysis, one quart of the water 
contains as follows: 


Grains. 

SUH OCH R MO Meanie Wee 555 (eho Se Ses see see oso Stes eae SS sss s5- 12.10 
SHOWA OLe WN ope So SoS Soacteoesscno pate song Uunod bose Snasbsesesusssor sossos 2.12 
Carbonate of lime. 445.2 IRs Ss Bae OG ete stone sates seeeee eee 3.86 
Carbonate of magnesiai:...¢2set Soa sete Hs2iedes Seeectete te Heies Hees cee ees 322 
Chlorideof, caleium sc. Jt aeons oe sob ysae = ee cols Sees aoe ep eee 1.33 
Chloride of maonesimim see noo eaceislorl oe siete ol seta ciclela ee g eo aine eine oe eee 1.12 
Chloride of sodiunn’ss 22 Vee esa Sass cee ce ree eae aera ee aa See ee 2.24. 
Vegetable extractive matter, &c ............. Ei NSCOR She SER ene sn eee 0.85 

26.84 


The carbonic acid originally contained in the water had mainly escaped before it 
was subjected to analysis, and it was not, therefore, taken into consideration. 

I am unable to identify his large Beer Spring in which the tempera- 
tures obtained by him were 65° and 56°. North of the road, however, 
there is ared mound in which the springs are extinct, but I think this is 
too far from the river to be the locality of the springs mentioned by 
him. 


River Springs.—This name I have given to a couple of springs near © 


the river, between Basin Creek and Soda Spring Creek. ‘They are about 
25 yards above Cold Spring, and gave the following temperatures with 
the air at 80° F.: Spring No. 1, 71° F.; spring No. 2, 59° F. These I be- 
lieve to be the springs put down on the map made in 1871* with tem- 
peratures of 65° and 664°, as they are surrounded with extinct basins or 
holes and occupy the same relative position. In the river opposite 
these springs there are many points of ebullition, showing the presence 
of springs in its bed, which has a layer of tufa at the bottom. 

Iron Springs—Two of the most agreeable tasting springs are situated. 
near the mouth of Soda Spring Creek, on the east side, near the west 
- village. 

Spring No. 1 has a slight ebullition of carbonic-acid gas; its tempera- 
ature was 54° FI., with the air at 78° IF. 

Spring No. 2 is quiet, but’the water is very pungent; the basin is 
bright red in color; the temperature was 60° F., air 78° F. 

The town of Soda Springs is on Soda Spring Creek, about a mile and 
a half from the west village, which formerly was called Morristown. 
Near it there are several important springs. One of these is called the 
Pavilion Spring. 

Pavilion Spring.—It has been walled up and a pavilion erected; it is 
close to the creek and is rather agreeable in taste; considerable gas 
escapes, and the basin is- lined with iron oxide; the temperature was 
52° F., with the air at 82° F. In the creek opposite the spring there 
are several points from which gas escapes through the water, and above 
the Pavilion there are several small springs. What will attract notice 
first here, however, are the cone-like mounds west of the town. These, 
in 1871, were called Pyramid Springs and Bluff Springs, and I shall 
retain the names in the description. 

Pyramid Springs.—The mound on which these springs are located has 
been built layer by layer from the sediment left by the evaporation of 
the water as it has poured over the sides from the springs. There is a 
spring on the summit from which water is run into a tank to supply 


* Report U.S. Geol. Survey tor 1872, 1373, p. 173. 
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bath-houses. The channel conveying the water is coated with iron oxide. 
Very little gas escapes from the spring. Below the summit there are 
two springs; one of them is about two feet in diameter and gives off 
considerable gas. There are besides several small holes, in which the 
water is, for the most part, perfectly quiet. The temperatures were the 
same in all the springs, viz, 80°, with the air at 74°.» 

At the south end of the mound there are springs in which the follow- 
ing temperatures were noted: No. 1, 81° F.; No. 2, 80° F.; with the air 
at 85°. There are also several small places from which water trickles. 
These springs are all exposed to the direct rays of the sun. 

Bluff Spring—tThis spring is situated on a mound similar to the one 
just described. The water has been used for bathing purposes, but the 
bath-houses have been destroyed. ‘There are two principal springs, with 
temperatures of 78°. There are also a number of small holes from which 
water trickles. | 

These springs are the ones described by Frémont as the Fountain 
Springs. He says: “Ata former time, when these dried-up fountains 
were all in motion, they must have made a beautiful display on a grand 
scale; and nearly all this basin appears to me to have been formed under 
their action, and should be called the place of fountains.” 

Frémont, however, did not see the Hooper Spring nor the Formation 
prings. 

Hooper Spring.—This spring is the best spring of the entire group. It 
is on Soda Spring Creek, nearly 4 miles above its mouth and about 13 
miles above the town. It is close to the edge of the stream and is square, 
measuring 10 feet 94 inches by 10 feet 94 inches. It has probably been 
artificially enlarged. There are five points of very active ebullition, caused 
by the escape of carbonic acid gas, which gives the water an extremely 
agreeabletaste. The basin is lined with a deposit of iron oxide. The tem- 
perature was 53°, while the air was 78°. Close to the spring there are a 
number of muddy pools and springs surrounded with turf. The water: 
in them is below the general surface and the openings are generally 
smaller than the springs beneath. Carbonic-acid gas escapes in great 
quantity, as we soon appreciate when we stoop to look into the springs.. 
Some of the holes contained dead frogs that looked as though they were 
still alive. Other holes contained blackbirds that had been suffocated by 
the gas escaping from the concealed springs. 

Formation Springs —About four miles above the mouth of the creek: 
and two miles east of the Hooper Spring, on the east side of the valley,. 
is a collection of basins of old springs formed of calcareous tufa. There. 
is at present but little. water. ‘The place is called Formation or Petrify-. 
ing Springs. There is an area of perhaps a half a square mile, which is. 
covered with semicircular basins of coarse tufa. Some are six feet in. 
depth and of various sizes. These basins are empty. The partitions. - 
are several feet in thickness and lined with stalactitic and other tufa—. 
ceous ornamentation. In some there are huge masses that have been. 
formed by the coating of plants, in which the form of the leaf and twig: 
are perfectly retained. The water holding the carbonate of lime in solu- 
tion has poured over the plants, and, evaporating, has coated them so. 
‘as to bind them into one mass. This process is seen at all calcareous. 
springs, and at the bath-houses in the village wire baskets are coated. 
by allowing the water to flow over them and evaporate. The basins of’ 
the Formation Springs are much like the basins at Gardiner’s River, in: 
the Yellowstone National Park, but the deposit is evidently much older,, 
and instead of the gray tint that the latter acquires with age this has.a. 
yellow tint. The tufa is quite hard, and specimens of it are frequently 
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seen for sale on the Union Pacific Railroad. There is but little ore 


that these springs will become one of the pleasure resorts of Idaho. 


In 


1877 about thirty people, mostly from Salt Lake, Utah, had visited them. 
There is no hotel, and the accommodations are limited, but the beautiful 
valley and the picturesque scenery of the surrounding hills must event- 
ually attract attention from tourists. 
and the streams abound in trout. 

In the following table I present the observations of last year in com- 
parison with those made in former years: 


There is game in the mountains 


*In the sun. + Not recognized. 
{ These springs may not “be jdentical with those examined in 1877. 
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The thermometers used in 1871 were ordinary thermometers, while 
those used in 1877 were made especially for taking the temperatures of 
springs. The table just given shows that very few of the springs can be 
classed as thermal, few if any, except the Steamboat spring, exceeding 
the temperature of the air. Observations should be made in the winter, 
however, to determine whether the temperatures exceed the mean an- 
nual temperature. Some of the springs exposed to the direct rays of 
the sun are evidently raised in temperature. 

One cannot help being reminded as he wanders among the extinct 
spring-basins that they are dying out, and long ago must have been 
wonderful in their dimensions and phenomena. As Dr. Hayden has 
said, “‘At this time they may be called simply remnants of former 
greatness.” 

The formation of the cones is similar to what is seen in the cones of 
hot springs, viz, the overlapping of successive layers. It is, therefore, 
exceedingly probable that these springs were once all boiling or at least 
hot springs. 

A few miles east of the village of Soda Springs at the mouth of a 
small caiion there is a collection of sulphur springs and a pool or lake, 
the surface of which is agitated by the escape of carbonic acid gas and 
sulphuretted hydrogen, which fills the surrounding atmosphere. The 
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water is cold and acid in reaction. The earth and Supe surrounding 
are coated with sulphur. 

‘The north and east sides of the valley of the Bear, near the springs, | 
are floored with basalt, which does not extend across the river but leaves 
a broad valley of Quaternary between the river and the mountains. At 
the bend of the river the valley is only a little over a quarter of a mile in 
width. The river is on the south side in a cafion, the walls of which on 
the north side are basaltic, with irregular columnar form. On the south 
are the limestones of the northern end of the Bear River Range. This 
point, according to Frémont, has been named Sheep Rock. From this 
gap the Bear passes out into Basalt Valley. 


SODA SPRINGS VALLEY. 


The valley of Soda Spring Creek extends from Bear River northward 
to the plain of the Blackfoot, already described, and, as in the latter, the 
floor is basalt. The source of the flow is found in the craters near the 
Blackfoot. The slope of the valley is to the southward. Near the hills | 
walls.of basalt are seen, in which an irregular columnar structure was 
seen, There are numerous fissures and sink- -holes, and whatever drain- 
age there is from the hills, with the exception of Soda Spring Creek, 
sinks beneath the basalt. The Aspen Ridge, which is the eastern 
boundary of the valley, has been already described. On the west are 
the Soda Springs hills. 

SODA SPRINGS HILLS. 


North of the bend of the Bear, continuing northwest from the Bear 
River Range, is a low range of hills. Geologically and topographically 
this range is divided into two groups by a flow of basalt, which has 
poured out from the basin of the Blackfoot into Basalt Valley. The 
southern of these two groups consists of comparatively low ridges. Two 
stations were made on them. Station 87 is at the north end of the most 
eastern of the ridges, on limestones, which dip to the northeast. Sta- 
tion 88 was at the south end, on quartzites. These beds may be Car- 
boniferous, although it is probable they are Jurassic, as Carboniferous 
fossils were found on the west side of the hills, in beds some distance 
below, at the base of the hills, near Twin Springs (see p. 563, chap. IV.) 

The ridge on which these stations are located is about 800 feet above 
the valley of Soda Spring Creek, and the highest point in the group of 
hills is only 1,200 feet above the level of Bear River at the bend. The 
dip of the limestones i is from 15° to 30°. 

On the west side of the hills there are remains of old hot springs at 
several places, especially at Twin Springs. The basalt that separates 
the southern group from the northern seems to form a divide in Basalt 
Valley between the drainage of the Portneuf and that flowing to the 
Bear. The latter, however, is for the most part beneath the basalt. 
The northern group of hills forms the eastern boundary of the Upper 
Portneuf Valley. The elevation above the valley is only about a thou- 
sand feet. The summit is flat-topped, so that the general character is, 
somewhat plateau-like. The western part of the hills, as at Station 82, 
is undoubtedly Carboniferous, with the limestones dipping to the north. 
east. On Station 70, however, we have Jurassic dipping to the south- 
west, so that between the two points there must be a synclinal. This 
would require, therefore, that the eastern portions of the hills be made 
up of Jurassic strata. The immediate region was not visited, but judg- 
ing from the outcrops surrounding, this must bethe case. I am inclined 
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to think that there is no faulting, as there is ample room for a fold, and 
faulting is not common in this immediate neighborhood. The point 
where I crossed the synelinal, if it exists, was covered with basalt, which 
effectually concealed the underlying beds. Mr. St. John’s report, when 
published, may throw some additional ight on the subject. 


BASALT VALLEY. 


As we.come from the Upper Portneuf Valley to the Bear we find the 
broad valley continuous to the southward as far as the lower end of the 
Gentile Valley. The portion between the Portneuf and the Bear has 
been named Basalt Valley for convenience in description. Geologically 
it is continuous on the south side of the Bear, Gentile Valley being in 
reality the lower valley bordering the Bear after it flows out from the 
Basalt. 

Basalt Valley is about seven miles in width, reaching from the Soda 
Springs Hills to the eastern ridges of the southern extension of the 
Portneuf Range. As the name implies, it is floored with basalt. The 
source of this lava is partly in the Blackfoot region, as we have already 
indicated, and partly in the craters near the bend of the Bear. In the 
latter place there are at least two that are very regular in their outline. 
On one of them Mr. Gannett made a station. It is almost circular, com- 
posed of a reddish scoriaceous basalt, resembling that of the craters 
already described on the Blackfoot. Near the craters the basalt is full 
of fissures and holes, some of them 50 or 60 feet in depth. The streams 
that come from the hills probably flow beneath the floor, so that the 
true divide between the Portneuf and the Bear cannot be determined. 
Near the west side of the valley, toward the north, there is one small 
stream that flows on the basalt to the Portneuf. Standing on the west 
side of the valley the flow of basalt is readily traced to the gap in the Soda 
Springs Hills. The basalt in the Portneuf Caton is a prolongation of this 
lava stream. At Twin Springs there are remnants of old thermal springs, 
as at several other localities along the base of the hills. The most of 
them are, however, overgrown with grass, which conceals the tufa. 

- In the basaltic cation of the Bear, near where it turns to the south- 
ward, there are calcareous deposits, as seen from the edge of the canon. 
The springs are probably all cold at present. 

South of this point there is an old crater similar to those seen north 
of the river. The southern extension of the basalt ends in a tongue, 
which will be described under the head of Gentile Valley. Almost the 
whole of Basalt Valley is rough and broken into fissures. There is a 
rather scanty supply of soil, and yet there is good grass interspersed with 
the sage, so that it would make a tolerably good cattle range, especially 
as the grass in the neighboring hills is of good quality. On the streams 
as they emerge from the mountains a small area of arable land may be 
found, but it is limited to the edge of the hills. Timber on the hills is 
somewhat sparse. The mass of basalt which can be traced from the Gap 
in the Soda Springs Hills forms a scarcely perceptible divide in the 
northern portion of the valley. It appears that the basalt poured 
through it and then spread to the northward and southward. The 
northern portion continued on down the cafion of the Portneuf. All the 
basalt we see in the valley is evidently one flow, but there are several 
points which seem to indicate that there were at least two flows. One 
of these points is in the Portneuf Cafion and the other in Gentile Val- 
ley. These two flows were separated by a layer of conglomerate. It. 
therefore appears probable that the first outpouring was into a lake 
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which continued after the flow. In the volcanic action of this period 
perhaps a portion of the causé of the extinction of the lakes is to be - 
found. We find no lake deposits resting on the latest flow, and in the’ 
lower Portneuf Valley we have already seen that a period ‘of subzerial 
erosion intervened between the draining of the lake and the last outflow - 
of basalt. 
. BEAR RIVER RANGE. 


West of Bear Lake Valley, separating it from Cache Valley and Gen- 
tile Valley, and extending north to the bend of Bear River, is the Bear 
River Range. It terminates in a broad, round summit known as Sheep 
Rock. This northern portion is very narrow and has a trend of about 
north 20° west. South of this the range becomes broader, although it 
decreases somewhat in elevation to North Pass. Still farther south the 
structure becomes somewhat complex, and the entire width of the range 
is about 16 or 17 miles. The waters of Logan Fork flow southward in 
the central portions of the mountains. The best defined range here is 
on the west, a succession of sharp peaks extending northward from 
Logan Caiion. This range or sub-range presents a steep and rugged front 
towards Cache Valley. On the east side the mountains are plateau- -like, 
and this is the general character towards the north. The southern por- 
tion of the range is drained almost entirely by Logan Fork, which oe- 
cupies a broad valley, for the most part in Silurian or Pre-Silurian ? 
rocks. Our examination was not sufficiently detailed to separate the 
beds so as to recognize the various divisions, and on the map I have 
been obliged to color all the beds. below the Carboniferous as Silurian. 

Speaking of Logan Cation, Mr. Arnold Hague says:* “At the forks 
of the canon, the ‘beds rise more steeply, and a quartzite belt is seen 
which may correspond to the Ogden quartzite. In the north fork of the 
canon, fragments of granite indicate the probable existence of a granite 
core to this ridge beyond the limits of the map to the north.” These were 
not seen by us, nor was the head of the north fork visited, but if granitic 
rocks do show, the outcrop must be limited to the caiion, for at the 
points where we crossed the range to the northward no granites were 
seen. At the entrance to Logan Cation limestones outcrop dipping from 
30° to 35° to the eastward. This gradually decreases until the beds ~ 
gradually become horizontal and then rise again with a western dip. 
The following is a general section made as we hastily rode up the cafion: 


Section No. 30. 


. Very dark blue limestones somewhat laminated, dip 35°. 
. Bluish-gray limestones, dip 26°. 
Rather massive blue limestones, dip 20°. 
. Shaly and laminated limestones, dip 15°. 
. Light blue massive limestones, dip 10°. 
The total thickness of these limestones must be about 4,000 feet. 
From about the middle of the canton the following fossils were obtained: 


Productus 2 
Rhynchonella pustulosa. 
Ehynchonella rockymontanus. 
Euomphalus 
Spirifer striatus. 
Spirifer rockymontanus. 
Spirifer (Martinia) 2 
-Athyris (Spirigera) subtilita? 


* U.S. Geol. Exploration of the 40th Parallel, Vol. II, page 407. 
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These correspond very closely to fossils found in the same beds by 
Mr. Hague. He refers the limestones to his Wahsatch Group, the lower 
portion of which he considers as Devonian. At the forks of the stream 
the dip to the westward is 15° or 20°, and lower beds appear. The 
general section in the bluff on the N orth Fork facing the east is as fol- 


Section No. 31. 
1. Massive limestones. 
2. Laminated jimestones and shales. 
3. Massive blue limestones. 
4. Dark blue limestones. 
5. Thin laminated limestones, with bands of sandstones and slates. 
6. Sandstone, with fucoidal markings and interlaminated limestones. 
7. Laminated limestones. 

Station 125 was located on the east side of the North Fork on a white 
saccharoidal limestone which lies at the top of the massive blue lime- 
stones (No. 3 of the section). This was merely a fragment capping the 
hill. They dipped to the westward and contained Leptopora 2 
and crinoidal stems. In the limestones below I found crinoidal stems 
and an undeterminable Rhynchonella. 

In layer No. 5, running down to 6, the following were obtained: 


Orthis like O. plicatella. 
Fragments of trilobites. 


In No. 7 similar forms were found, and at the forks an Orthis like O. 
testudinata. Looking north from the station, the beds on the east side 
of the North Fork, at a point about 5 miles north of the station, appear 
to dip to the eastward, so that there is probably an anticlinal axis a 
‘little to the east: of the station. On the west side of the North Fork 
there were some dips seen from a distance that seemed to indicate that 
the synelinal which enters into the formation of this portion of the 
range gradually dies out to the northward as the beds rise. If so, the 
western dip noted at the forks must soon give place to an eastern dip, 
and the anticlinal axis just noted must also fade out. 

On Station 111, which is a little north of east from Station 125, and 
nearly six miles distant, the beds dip gently to the westward, and just 
west of the station there i is a bluff face. Between this point and the ~ 
North Fork there must be a synclinal. This, as we shall presently see, 
probably continues northward and forms the principal part of the range. 

Returning again to the western sub-range, we found that the lime- 
stones that outcrop at the mouth of Logan Canon rise as we go to the 
northward, and outcrop only at the summit of the range when we reach 
Station 123.° Following up the main cafion of the creek that flows 
through Smithfield, we ‘have first limestones which show somewhat ob- 
scurely, dipping about 17° south of east. Above the limestones are red- 
dish quartzites, and then come thin yellowish argillaceous slates that 
are highly calcareous. Next follow limestones and a layer of slates 
like those below the limestones. In some of the layers of the upper 
slates the surfaces were covered with impressions of a Discina. Above 
these are massive limestones as far as I penetrated up the cation. Mr. 
Mushbach reports that blue limestones outcrop on the station, and a. 
little below is a white quartzite in which a fragment of Productus was. 
found. Below this he noted a reddish quartzite with fucoidal markings. 
‘The latter is probably the same as layer No. 6 in the section at the forks, 
of Logan Cation; if so, the limestones above are the same as Nos. 
and 5, which are probably Carboniferous. 

Station 114 i is located on the north side of Bloomington Creek, be-- 
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tween it and North Creek. The latter stream flows to the northward 
with a course a little east of north, while Bloomington Creek flows ~ 
directly eastward. The station is located on a dark-drab almost black | 
limestone, which rests on a white quartzite. In the limestone I noted 
Zaphrentis and erinoidal markings. These limestones dipped gently to 
the eastward, becoming flat and : again rising gently with a dip to the 
westward. They appeared to be a remnant left in a synclinal that was 
very Shallow. They appear to outcrop on a mountain at the pass near 
the head of the creek, and there dip 25° to the eastward, or perhaps a 
little south of east. A little east of south from the station, on the other 
side of the creek, the underlying quartzites dip 5° to the westward. 
Below the quartzites are limestones, and below the latter dark quartzites 
generally of a reddish hue. The latter beds,a couple of miles northeast 
of the station, dip 20° to the westward. ‘On Station 112, which is 16 
miles further south and a couple of miles to the eastward, the dip is also 
west 5° to 10°. The latter station is on quartzite and below it are blue 
limestones. These westward-dipping beds are the western members of 
the anticlinal of Swan Creek. The eastern side has been so eroded that 
only occasionally can it be seen. It appears, therefore, that the syn- 
clinal east of Station 111 becomes prominent as we proceed northward and. 
forms the principal portion of the range. At the north the quartzites 
appear to pass beneath the Pliocene deposits, north of which the geol- 
ogy has not been very closely studied on the south side of the Bear. 
North of the river, however, we have Jurassic limestones entering into 
the folds of the Carboniferous. Nothing can be predicated of this north- 
ern portion of the range until after itis visited and investigated. While 
the topography of this portion of the range was worked I was obliged to 
work the region of the southern branches of the Blackfoot which was 
much complicated geologically. AtSheep rock the limestones are prob- 
ably Carboniferous. Station 91, which was the most northern station 
made by Mr. Gannett, had outcrops of massive light-colored limestone 
without fossils. On 95 quartzites outcrop, but of what age I cannot 
say, aS no fossils were brought in. 

Returning again to the southern portion of the range, we see that on 
our south line the range consists of a synclinal on the west of Carbon- 
iferous rock. Then follows an anticlinal of Silurian; next a synclinal, 
on the eastern side of which the Carboniferous appears again at. Station 
111. Then another anticlinal fold is noted, which is concealed west of 
Bear Lake by the unconformable Wahsatch beds. South of our district 
the range is much simpler, consisting of only one broad anticlinal, with 
a secondary fold developing on the west side. ‘This is the western syn- 
-clinal we have noted. Followed to the north it broadens as the beds 
rise, and finally disappears, while the SESE synclinal forms the main 
‘portion of the range. 

GENTILE VALLEY. 


Gentile Valley lies west of the northern end of the Bear River Range 
-and directly south of Basalt Valley. It is about 16 miles in length, and 
about 4 miles in width at the lower end. Bear River enters the valley 
flowing south along the western edge of the basalt flow, which ends in 
-a tongue-like projection. The river-bottom is broad and meadow-like, 
-often marshy, and the stream is very sluggish. A trip of a day’s dura- 
‘tion was made into the valley from Mink Creek and two stations located. 
“One (a) was located at the mouth of Trout Creek, and another (b) on the 
west side of the Bear. south of Collier’s Creek. Station a was located on 
soft, sandy, and marly beds, which were so broken down that a section 
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could not be made. On the edge of the river below the station two 

openings had been made in the bluff, evidently in search of coal, as there 

was a layer of earthy lignite outcropping. In the soft sandstone in the 
root of one of these openings I obtained the iollowing: 


Planorbis 2? 
Tamnaea ? 
Sphaerium ? 
Valvata ? 
Carinifex ? 


This layer is probably the same as the one above Soda Springs, on — 


Bear River, containing Planorbis, &c. North of the station these mod- 
ern beds disappear beneath the basalt ; westward they lap on the older 
rocks, and to the eastward seem to rest horizontally on the flanks of 
the Bear River Range.. There appear, however, to be points of older 
beds rising above them. Station bis on such a point on the west. Oppo- 
site Station a there is a line of basalt showing in the face of a low bluff 
as though it had been poured out before the lake had deposited all its 


sediments. It was not visited, and may be simply the remnant of a flow 


that once extended across the entire valley, and has since been removed 
in the erosion of the river-bed. I am inclined, however, to consider it 
and the mass between the Bear and Trout Creek, at the mouth of the 
latter, as an earlier flow. The basalt field, a little farther north, rests 
on the soft sands, but its elevation was not obtained. Station b was 
located on pink and white quartzites dipping 40° south 77° west. These 
quartzites appear to have been an island in the lake not far from its 
western shore. Just belowit is an outcrop of a rusty-looking conglom- 
erate composed of pebbles of pink quartzite cemented by sand. The 
pebbles are 3 or 4 inches in diameter, and are like the quartzite of the 
station. This conglomerate appears to be at the top of the deposits that 
fill the valley and makes a terrace level, the elevation of which is 5,526 
feet. There are three other well marked terraces. The lower terrace 
has an elevation of 5,186 feet, and the middle one of 5,242 feet. 

On Cottonwood Creek, the largest branch of the Bear, coming in from 
the west at the head of the cafion, there are a number of terraces that 
have been cut by the stream. Near the head of this stream Pliocene? 
strata outcrop, but they were only seen from a distance, and were not 
visited. 

Springs.—At the mouth of Cottonwood Creek, on the north side, there 
are a number of warm springs. They are on a large reddish mound 
composed of calcareous deposits. There are five large pools from 30 to 
50 feet in diameter. A few bubbles of gas were noted in two of the 


larger pools. We did not have a thermometer with us, but the water 


seemed to be of a suitable temperature for bathing purposes. Farther 
up the river on the edges of some buttes of the soft lake deposits calea- 
reous tufa was seen, and on the east side of the Bear, just above the 
head of the cafion, there are several springs on calcareous deposits with 
luke-warm water. On the edge of the river there are bubbling springs 
like those at the Soda Springs locality. Some resemble the Steamboat 
Spring, and the water spouts several inches or a foot above the mounds. 
In the midst of the river also there are points from which gas escapes. 
The earthy lignite that occurs near Station a appears to be in pockets, 
as I could see no well-defined bed. Those who made the openings ap- 
pear to have reached the wise conclusion that the coal was worthless. 
Gentile Valley appears to be comparatively well settled. The general 
elevation of the river-bottom is about 5,000 feet. From the view ob- 
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tained, looking north from Station a, it appears that the valley must 
have had some of the lake deposits removed prior to the pouring out of 
the basalt. The latter is at a lower level than the conglomerate at Sta- 
tion 6. The amount of erosion since the flow is measured by the depth 
of the cation in the basalt at the north end of the valley; this is 250 to 
300 feet. ; 

I did not visit the mountains on the west and east sides of the valley, 
so cannot give any definite information as to the relation of the lake- 
beds with the older beds of the ranges. 

The conglomerate of Station b is probably of the same age as the con- 
glomerate in the synelinal depression east of Station 76. There is but 
little doubt that the lakes filling these valleys were connected. The 
Pliocene lake probably had the greatest extent, and included what were 
afterwards divided into several distinct bodies of water. 


MIDDLE CANON OF BEAR RIVER. 


I have applied this name to the cafion through which the Bear flows 
on its way from Gentile Valley to Cache Valley. It is about 12 miles in 
length, and the walls are from 1,000 to 1,500 feet in height. A station 
was made on the west side, at the head of the cation, about 800 feet 
above the level of the river, on dark-blue laminated limestones, which 
dip about north 17° east at an angle of 40° or 50°. Where the beds eross 
to the east side the strike seems to curve around to the southward, so 
that the dip is more to the eastward. On the hills west of Mink Creek, 
about four miles south of the head of the cation, brownish quartzites out- 
crop with a strike south 67° east, dipping north 23° east, at an angle of 
50°. Near the south end of the canon the beds dip more to the south, with 
an angle of 65° noted in limestones. The quartzites lie between the 
limestones at the head of the cation and those at the foot. We had two 
sub-stations (a and b) on the east side of the caton. The hill on which 
station a was located was covered with quartzitic pebbles, and it is 
probable that quartzites underlie the station. Station b was on a dark 
limestone which dip 50° approximately to the south, as already noted. 
Between the two stations the following beds were noted : 

Yellow sands and marls. 

White limestones and shales. 

Pea-green shales and sands. ; 

There is probably 600 or 700 feet of these beds which I consider to be 
of Pliocene Tertiary age, as they are so much like the beds contaiming 
Limnea, Planorbis, &c., at other localities. They dip north 25° east at 
at an angle of 65°. They are, therefore, unconformable to the lime- 
stones. The outcrop crosses to the west side of the cation. That re- 
gion was not fully investigated, but there is very little doubt that the 
beds about the head of Cottonwood Creek are the continuation of the 
beds just described. The whole region was too cursorily examined to 
say much about it. Where the Bear leaves the caiion and bends west- 
ward to enter Cache Valley the greenish Tertiary beds outcrop on the 
southeast side, dipping 10° towards the south. They rise again a short | 
distance beyond. \ 

On the east side of Mink Creek, at Station 118, Gannett obtained a 
few fragmentary fossils which have a Silurian facies. The strata from 
which they were obtained have a westerly dip. Mink Creek has a 
course almost parallel to that of the Bear while it is in the canon, and 
joins it as soon as it leaves the cafion to turn westward. Near the head 
of the creek an outcrop of shales was seen which appeared to rest un- 
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conformably on the limestones with a dip towards the west. The beds 
were obscure, and I am not certain as to their position and relations ; 
_ they may represent a portion of the Pliocene. 

At Station 116, massive limestones outcrop with dips to east or south- 
east. This region is exceedingly complicated and will require consider- 
able close examination to determine the relations. The cafon of the 
_ Bear was probably in part eroded subsequent to the upheaval of the 

beds that I have referred to the Pliocene. When the orographic disturb- 

ance at the end of the Tertiary took place the basin of Gentile Valley — 

was separated from that of Cache Valley. Whether the erosion of the 

canon began then or after the draining of the lakes, I cannot at present 

Say. The cation is almost at right angles to the strike of the beds and 
mInust have been determined by : a me, existing fissure or a fissure made 

at the time of the uplift. 

CACHE VALLEY. 


The portion of Cache Valley that lies within our district is about 36 
miles in length and from 7 to 12 or 15 miles in width. It is well settled 
by a prosperous farming population, and the land appears to be in a high 
state of cultivation, especially in the southern portion. The entire pop- 
ulation is 8,229 by the census of 1870. The towns in our district are 
Franklin, Richmond; Smithfield, Hyde Park, Newton, Clark, Clifton, 
Weston, and Oxford. The town of Logan, which i is the county capital, 
is only a short distance south of our line. The towns are generally on a 
streams coming from the mountains, and the water is used for irrigating 
the fields which surround them. 

Geologically Cache Valley begins as a broad synclinal below our line, 
but north it probably overlies or occupies the place of several folds. 
The view of the valley from the surrounding hills is one of exceeding 
beauty, especially in August, when the fields are golden with the ripen- 
ing grain. The groves of trees, which mark the towns, with their white 
and red buildings, stand out in strong relief. The whole valley can be 
seen at once, and the terraces on its sides and the basin-like character 
of the depression, point to its former character of a lake-basin. This is 
confirmed when we come to examine its deposits. As Dr. Hayden said 
in 1871, “Cache Valley opens into Salt Lake Valley,” “and one cannot 
doubt that the lake itself formerly extended all over Cache Valley.” ‘An 
examination of the beds occupying the valley shows at least two groups 
of lake deposits: First, those that have been referred to the Pliocene, 
named by Dr. Hayden the Salt Lake Group; second, the deposits in 
the central portions of the valley. These I have named the Cache 
Valley Group. The former, as we shall see, are generally disturbed, 
and the latter are horizontal in position. The latter, on closer study, 
may have to be divided into several groups to correspond with the 
various lakes from which they were deposited. By this I mean that the 
terraces show a number of lake levels, and on the lowering of the lakes 
the areas became more restricted; so in the terraces we find groups of 
strata older as we go up, while in the centre of the valley the succes- 
sion will be continuous. The drift has covered these beds to such an 
extent that the divisions cannot always be recognized, so that I have 
included them under one head. Until a series of level-lines are run, 
they cannot be outliged on the map. 

I shall now present the facts obtained in relation to the different 
parts of the valley, beginning with Logan Fork. which is almost on our 
south line. 
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The terraces are well marked on the north side of the river, as shown 
in the accompanying diagram.. At several places soft marly sandstones 
outcrop beneath the terraces, especially in the lower ones, with a dip. 
At the edge of Logan Caifion, and extending some distance above its 
mouth, are deposits consisting of gravels, sands, marls, and conglom- 
erate, from 100 to 150 feet in thickness. They are horizontally stratified, 
showing that the lake extended somewhat into the caion at one period 
subsequent to its erosion, and these beds represent the material brought ~ 
down by the rapdily flowing stream, which then as now occupied the 
canon. 

Station 122 was located a few miles northeast of Smithfield, on a 
butte that stands out a mile or two from the mountains. The rock on 
the summit is limestone. Surrounding the butte is a limestone con- 
glomerate. This butte, therefore, was probably an island near the shore 
of the lake, whether Pliocene or Post-Pliocene I could not determine, 
but probably the former, as heavy beds of similar conglomerate were 
seen farther north which appeared to be of that age. Six or seven miles 
farther north a similar butte appears, which was not visited. The latter — 
has an elevation of 5,400 feet and the former 5,638 feet. Franklin Butte 
is much lower and is about four miles west of the edge of the mount- 
ains. Its elevation is 5,324.* It must, therefore, have been an island at 
lower levels of the lake. It is composed of limestones, probably Silu- 
rian in age, although no fossils were seen. On the summit fragments 
of white limestone were seen resembling the Pliocene limestones, and. 
exactly like the fragments seen at Station 131. If these are Pliocene, as 
I believe, it may indicate a period of erosion following the uplift at the 
end of the Tertiary time, and before the Quaternary lake filled the 
basin of the valley. There are two well-marked terrace levels on the 
side of the butte and several minor ones that are not well defined. In 
the bank of Cub River, at Franklin, gravels and loosely aggregated 
sands show and are horizontal. In the accompanying diagram the pro- 
file from the butte to the river is shown with the elevations. The upper 
terrace level is 122 feet below the top, and the lower 437 feet. 'The sands 
on the banks of the river are the same as those shown on Bear River. 
East and northeast of the butte are a mass of rounded hills rising 1,400 
to 1,500 feet above the valley. These do not show many outcrops, but 
the few seen were of sandstones and conglomerates. Ihave considered 
them as belonging to the Pliocene, although it is possible that the con- 
glomerates may be more modern. It is exceedingly difficult to separate 
the formations with the limited data at hand. The terraces that are 
marked on the sides of Franklin Butte are outlined on these hills. 

West of the middle cation of Bear River these beds, or perhaps lower 
ones, show, resting on limestones, which appear to have been elevated 
with them. The outcrops are obscure. The terraces here are compara- 
tively well marked. 

At the point where the Utah Northern Railroad crosses Bear River, 
the more modern deposits are well shown, consisting of yellow and red- 
dish sands, clays, and marls. There is an exposure of about 300 feet. 

Returning to the south line of our district, and crossing to the west 
side of the valley, we find the Pliocene beds outcropping again in the 
foot-hills. At Mendon, a short distance below our line, the sandstones 
in some of the layers are made up of an aggregation of shells of the fol- 
lowing genera, Limnea, Physa, Vivipara, and Helix.* At one of our camps 
on the Bear, just before it passes into the Gates, there were outcrops 


* By angles of elevation and depression. 
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of greenish sandstone, with white and light brown limestones and 
shales; in the latter shells of the following genera were found: 


Limnea ——— ? 
Valvata ——— ? 
Planorbis ———— ? 
Spherium ——— ? 


They are apparently identical with existing species. On the north 
side of the Bear a gray sandstone outcrops, which is probably above the 
fossiliferous layers. In the cafon as far as could be seen limestones 
outcrop. We had very stormy weather while here, and had to leave a 
number of points unvisited. On our south line a little west of south ~ 
from the Gates, the Wahsatch Range ends in a high peak, around the 
northern foot of which the Pliocene beds extend from Cache Valley to 
Malade Valley. 

The following notes on the region of the Gates is taken from Profes- 
sor Bradiey’s Report for 1872, p. 199: 5 


The immediate channel of Bear River, where it breaks through the mountain, at 
the point known as ‘‘The Gates,” is narrow, with high precipitous walls of light drab, 
compact limestone, partly siliceous, from which I could obtain no fossils; but from its 
position it must be Carboniferous. The strata show a westerly dip of about 25°, and 
evidently belong to the west side of the anticlinal upheaval, whose southern con- 
tinuation has been mentioned as crossing Box Elder and Ogden Cafions. The cliffs of 
this narrow channel reach nearly to the level of the top of the second principal ter- 
race. On the north side of ‘‘The Gates,” a short distance back from the edge of this 
channel, there is another considerable break in the upper terrace, showing a second 
channel to have existed when the stream was at this level; and as seen from this 
north side, the appearance of the surface on the south side indicated the probable ex- 
istence of still a third old channel, along the line now occupied by the Utah North- 
ern Railroad (narrow gauge), which there crosses the range into Cache Valley. At 
the level of the upper terrace the old valley of Bear River spreads out to a width of 
about five miles. The upper terraceitself consists almost entirely of a grayish-white 
limestone, partly fine-grained and compact, partly coarse and porous, and mostly 
pebbly. All of it is more or less oolitic. The compact layers are entirely destitute of 
fossils; but the more pebbly portions contain very numerous individuals of a few 
species of fresh-water shells, which are sufficient to mark the bed as of late Tertiary 
(Pliocene?) age. * * * The beds exposed are about 200 feet thick. They show at 
this point a dip of about 25° south 68° west. As no corresponding disturbance of the 
surface of the terrace is apparent, it is evident that the upheaval antedates the Ter- 
race epoch. The lower terraces show extensive deposits of coarse gravel, which are 
well exposed in the cuts of the Utah Northern Railroad, and supply that road with 
an abundance of superior ballast. 


There are knobs of limestone both north and south of the cafion, and 
at a point about four miles south they outcrop at the base of a bluff.* 

East of the south end of the Malade Range, the sandstones and shaly 
limestones of the Pliocene again outcrop, dipping to the eastward 5° to 
10°, as at the Bear. Here also I obtained the following: 


Planorbis ———? 
Spherium ———? 
Bythinella ———?2 - 


East of this locality is a high butte of the same beds. At the eastern 
base limestones probably outcrop, but of what age I donot know. North 


*According to the Report of the United States Geological Exploration of the 
40th Parallel, Vol. II, Description, there is voleanic outcropping in the cation. The - 
following is the note: ‘‘An appearance of volcanic rock in the cation of Bear River, at 
the ‘Gates,’ which, however, was not examined closely enough to determine definitely 

-its character, suggests the possibility that this uplift may have been determined by a 
late volcanic outburst.” This voleanic rock Professor Bradley does not appear to have 
seen, nor did I. 


\ 


606 REPORT UNITED STATES GEOLOGICAL SURVEY. 


of this butte is one similar to it south of Weston Creek. Weston Creek 
rises on the west side of the northern portion of the Malade Range, in 
Pliocene rocks, and cuts through the Silurian rocks to come out into 
Cache Valley, where it again cuts its way through the Pliocene (?) deposits. . 
Near this point is a synelinal of these Pliocene beds, coarse conglomer- 
ates outcropping. ‘They appear to rest in a synclinal in the older rocks, 
which are dark limestones, beneath which dark-green chloritic and met- 
amorphosed argillaceous slates outcrop. The Pliocene beds appear to 
reach high up on the mountains, and seem to dip with the older rocks, 
although there is little doubt as to their unconformability. The soft- 
ness, of these more modern beds causes them to break down readily 
under atmospheric influences, and their junctions with the older rocks 

are thereby much obscured. ° 
At the north end of the valley, on the southern slopes of the Portneuf 
Range, these Tertiary beds appear to be present in considerable areas. 
They were not visited but seen from the valley. As we approach Red 
Rock Pass, a conglomerate is seen resting on the quartzites, which out- 
crop irregularly, as though they had formed an uneven floor upon which 
the conglomerates were deposited. It is probable that a large portion 
of the lake deposits has been carried away from this part of the valley. 
Whether there are any of the soft sands and marls near the pass, I 
could not determine, but I think not. If they ever did exist here they 
have been carried away by the draining of one of the lakes that existed 
in the valley. 
. MALADE RANGE. 


Under this head I shall describe the two ranges that separate Cache 
Valley from Malade Valley. The northern portion ends at Weston 
Creek, having a length of about 20 miles. It ends just southwest of 
Red Rock Gap. The southern range begins about 4 miles north of the 
“Gates” of Bear River, and extends a little west of north for about 25 
miles, overlapping the south end of the northern portion, which is 6 miles 
farther east. The country between is filled with the Pliocene (?) lime- 
stones and sandstones which are here continuous from Cache Valley to 
the Malade Valley. 

Northern range.—This range, as I have already said, is some 20 miles 
in length. Its highest peaks rise 4,000-5,000 feet above the valley at 
the east base. It is really composed of two groups which are separated 
by a comparatively low saddle. The view from Station 132, looking 
down on this saddle, appeared to show the whitish Tertiary beds reach- 
ing well up on it from the west. The station (132) is the highest point in 
the northern mass. <A very abrupt face is presented toward the east. 
On the ridge extending south limestones outcrop with shaly beds (lime- 
stones?) above them. They dip slightly north of east, and appear to 
rest on the green chloritic rocks that outerop on the slopes lower down. 
On the summit the following is the section, which corresponds with the 
accompanying diagram, which shows how the eastern face of the mount- 
ain is eroded: — 

Section No. 32. 
Top. Thickness in feet. 
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% Thickness in feet. 


6. Dark-green chloritic schists, with serpentine ....-.....---- .--.------------ 
7. Metamorphosed argillaceous slates, yellowish-brown in color ....-.-------- 
Pema annZnues, CU0TCOb oi ota) chinie, wicicje va Sse a =joias, an Sein aminidtee = Sinise. emnre 350 
9. Very dark green chloritic schists, with white quartz veinings. These rocks 

_ are very irregular in their weathering ......-.-.---- -----+-+-+--+-------- 


On a point south of the station the dip in the red quartzites was 30° 
north 77° east. On the station the strike was south 7° west, dip south 
83° east, angle 30°. There would, therefore, appear to be a swerve to 
the eastward in the strike toward the south. Toward the north the 
green beds, which I have referred to the Cambrian, appear to sink some- 
what, so that the Tertiary beds south of Marsh Creek appear to rest on 
limestones that belong to a higher horizon. The southern mountain 
mass on which Station 130 was located is rounded in outline, and reaches 
an elevation of 8,395 feet. There appears to be some Tertiary on the 
summit. Below it are limestones, next olive-green shales, followed by 
red quartzite, and then some 500 or 600 feet of limestones. The base of 
the latter, I think, is the same that outcrops at the south end of the 
range where Weston Creek comes out of its cation. At this point the 
limestones are filled with fragments of trilobites and other Silurian forms. 
South of the range there are several isolated outcrops of Tertiary beds 
which appear to have been islands in the Tertiary lake. The northwest 
portion of the northern range is drained by a branch of Marsh Creek, 
which at its head appears to be in Silurian rocks, although there may be 
isolated patches of Tertiary. The central western portion of the range has 
its drainage collected into Malade River. The main stream heads oppo- 
site the head of Weston Creek. The rocks in this region are almost en- 
tirely the white and light-brownish limestones and greenish shales and 
soft sands so characteristic of the Pliocene. | 

Southern range.—This portion, like the northern, is divisible into two 
masses. The southern is the most prominent, and is separated from the 
northern by Tertiary beds. This southern mass of hills is about eight 
iniles in length and about three miles in breadth. Two topographical 
Stations were made on this part of the range, one at the north and the 
- other at the south. At the latter place light-colored limestones with 
easterly dips show. These limestones have fragments of crinoidal 
stems, and are probably Carboniferous, although the mass of the mount- 
ain is probably Silurian. The northern station appears to have westerly 
dips, so that the range, if these dips are correctly reported, is a syneli- 
nal. Southwest of the range the Pliocene limestones cover the foot of 
the mountains, dipping from them. On the east they also occur dipping 
eastward. The northern portion of this southern or western subrange 
is a long, narrow crest of Silurian limestones that present a rather steep 
face toward the Malade Valley. The eastern slopes are covered with 
the thin-bedded Pliocene deposits which are mostly eroded on the west. 
I did not follow the western face of the mountains, having crossed to 
the western side of Malade Valley north of Malade City. Professor 
Bradley, in 1872, made a close study of this portion of the range, and I 
quote from his report (p. 200): 

After crossing Bear River, the Tertiary limestones are found covering the entire foot 
of the mountain for two or three miles, though the mountain itself is still plainly 
composed of the older limestone, which appears on its summit. Then the Tertiary 
disappears altogether, and the upper quartzite rises so as to form the face of the ridge 


for four or five miles, then the Tertiary comes in again, in a heavy body of compact 
flinty limestones and siliceous shales, running to the very tops of the hills, which are 
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here much depressed. The strata are mainly nearly level, only the portion nearest 

the valley having a westerly dip, which at some points reaches 40°, About nineteen 

miles above Hampton’ s Bridge the mountain rises again and the Tertiaries disappear 

again, exposing the face of the lower limestone, which has now risen so as to form 
the entire mass of the mountain. At the junction of the two series of strata it is evi- 

dent that the Tertiaries lie unconformably upon the older limestones, many layers of 

which are here crowded with fragments of trilobites and other fossils, which are 

plainly of the age of the Quebec Group. * *« * As we approach Malade City the 

mountain becomes higher and more precipitous, a point about three miles south of 
that place being found to be about 2,500 teet above the river. Of this total, about 

2,000 feet are exposed i in the face of the mountain, the terraces being mosily washed 

away. All the strata exposed belong to the Quebec Group, and consist mainly of 
limestones, though including, perhaps, 200 feet wall of sandstones, partly shaly, but 

mostly thick- bedded and quartzitic, as well as an indeterminate amount of inter- 

laminated greenish calcareous shales. The uppermost limestones are compact and 

full of nodules and layers of chert; the lower ones vary greatly, from pure compact — 
to coarsely fragmentary, to a fine-grained siliceous, and to oolitic and coarsely con- 
eretionary forms. The colors vary ‘from drab to blue, gray, buff, flesh-color, and pale 
red, sometimes uniform, sometimes mottled and streaked. 


These beds are all probably higher than the quartzites observed on 
Station 132, and seem to correspond closely to the beds of Section No. 
21 made at Station 133. The ‘fossils from the latter place seem to 
prove their identity. North of the north end of the subrange just de- 
scribed, quartzites, with Quebec limestones overlying, outcrop with dips 
to eastward with an angle of 40° or 50°. These beds extend to the 
divide between Malade and Marsh Creek, and just north of the divide 
they dip north 27° east. The region between this ridge and Station 130 
is rather heavily timbered, and I am not certain as to the relations of 
these quartzites and limestones with those of Station130. The station 
was too high to determine them. I could not see the dark-green beds 
outcropping on the west. It is possible there may be a fault here, but 
nothing was seen that indicated it. Between the two portions of the 
range I am inclined to think there is a synclinal which has been much 
eroded, leaving the present ranges as remnants. ‘These, without doubt, 
formed islands i in the Pliocene lake and towered also above the Quater. 
nary lakes that bathed their slopes still later. What the relations of 
the dark chloritic slates of Station 132 are to the beds of the section (No. 
22) made at Station 78, I cannot say. The quartzites above resemble 
those above the argillaceous slates at Station 77, but the green beds 
are very different. There is scarcely any doubt, however, of their being 
referable to the Cambrian in both cases. I think the limestones of Red 
Rock Gap are below the quartzites that lie below the section of Station 
133. <A little more study of these localities will render clear what are at 
present problems and matters of conjecture. I can only hope to point 
out the localities and state the facts as far as observed by myself, leav- 
ing it to others to work up the minor details, which will prove to be the 
connecting links, and which will make clear the points that are now so 
obscure. 

MALADE VALLEY. 


Malade Valley, within our district, has a length of about 40 miles. The 
upper portion is basin-like, having a width of about 10 miles. After the 
various streams unite at the lower end of this basin the valley narrows 
to some four or five miles. The principal town is Malade City, with a 
population of 591 in 1870; the present population is greater. The town 
is the county-seat of Oneida County; Samaria is a town on the west side 
of the valley at the foot of the hills. In the lower portion of the valley 
there are two small settlements, viz, Portage and Plymouth. The 
entire population of the valley is 994 (census of 1870). The Malade 
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River is a sluggish stream with a muddy bed. The water is somewhat 
alkaline, as it is in most of the wells sunk in the valley. The three 
principal streams that unite below Malade City to form the river are 
Devil Creek, Mill Creek, and the Little Malade. The first of these rises 
in the south end of the Bannack Range, oppogite the head of Marsh 
Creek. On the east side of this creek the White Tertiary beds outcrop. 
The upper lake terrace extends almost to the divide, which, as Professor 


Bradley suggests, might have been a point of dribbling outflow for the 


_ waters of the great lake when at its highest level. It must have been 
when the lake in Marsh Creek Valley was at the level indicated by the 
upper terrace, and this divide was a point of connection between the 
two lakes, as the elevation of the divide is lowerthan that of the highest 
terrace in Marsh Valley. 

The beds at the southern end of the Bannack Range are probably the 
continuation of those on the east side of the valley, as Professor Bradley 
speaks of finding characteristic fossils in the southern end of it. 

The upper valley of the Malade has an elevation of about 4,700 feet, and 
is filled with soft, sandy, and marly beds. On the Little Malade there are 
bluffs of these beds about 50 feet high. Near Plymouth I found in these 


beds specimens of a Limnea. Whether these beds are contemporaneous, 
with those of Cache Valley or later I don’t know, but they are more 


alkaline, and if the lake filled the valley after that of Cache Valley was 
drained, they are probably more modern. ‘There are hot springs deposits 
at various points, and many of the springs still exist with slightly warm 
water. 

As we have already seen, the Tertiary beds outcrop on the east side 
‘of the valley. On the west I did not see them. They are probably 
present beneath the more modern deposits. On some old maps the 
_ Malade is known as Roseaux or Reed Creek. 

At Hampton’s Bridge of Bear River the Bear is flowing southwest, 
but it now turns southward, and flows parallel to the Malade south be- 
yond our district. Where they cross our south line they are only about 
a mile from each other. From this point the streams are both very 
sluggish. The river terraces on the Bear at the bridge are well marked. 


BLUE SPRING HILLS. 


The Blue Spring Hills lie on the west side of Malade Valley. Three 
topographical stations were made on them, the summit of the range 
forming the western line of the work done by us. The rocks are all 
Carboniferous, with western dips. Station 136 was on the hills west of 
the head of the Malade. limestones outcrop on these hills dipping 15° 
south 27° west. Fossils were obtained from two layers on the eastern 
slopes of the hills. The following are the fossils: 

Layer No. 1—Zaphrentis 

Fenestella : 
Rhombopora lepidodendroides. 
Layer No. 2—Productus pratteniianus. 
Ehynchonella uta. 
Spirifer striatus. 
South of Samaria, the following were found: 
_ Productus costatus var. 
Huomphalus ? 
Aulopora 
Zaphrentis 


? 


? 


 =389Gs 
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From Station 137, Mr. Mushbach brought in the following : 
EHuomphatus luxus. 
Productus semireticulatus. 
Spirifer rockymontanus. 
Spirifer (Martinia) planoconvexa. 

Mr. Mushbach reports that some of the limestones were almost en- 
tirely composed of masses of these fossils. These hills probably repre- 
sent the western side of an anticlinal, the axis of which must lie towards 
the east side of Malade Valley. There may be a fault, hat n saw no ev- 
idence of it. 


CHAPTER VI. 


RESUME OF THE GEOLOGICAL FORMATIONS OF THE DIS- 
TRICT. 


ARCH@HAN ROocKS—PALZOZOIC Rocks—MESOZOIC ROCKS—POST-CRETACEOUS—CENO- 
ZOIG ROCKS—VOLCANIC ROCKS. 


In the present chapter I propose to review briefly the geological 
formations, and to state a few conclusions that appear obvious from a 
consideration of the facts presented in the preceding portions of the 
report. These facts are as yet too isolated, and the district too cursor- 
. ily examined to afford reliable data for extended generalizations. 

As is evident from the preceding chapters, the districtis almost entirely 
a sedimentary area. In thenortheastern corner we have Archean rocks 
in the foothills of the Wind River Mountains, but the area is very lim- 
ited. Inthe northwest the basaltic flows are somewhat prominent. No 
other volcanic rock was noted ‘within the limits of our district. The sedi- 
méntary rocks are much folded in the eastern portion of the district, 
and accompanying this folding there was much vertical displacement. 
Toward the west the folds have been very much eroded, and the spaces 
between the portions left have been filled with lake deposits. The fol- 
lowing table of the formations of our district presents the general section 
as derived from the detailed sections already given: 
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General section. 
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Total thickness of sedimentary formations | 81,125 + ft. 
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ARCHAAN ROCKS. ; 


The Archean rocks of our district are limited to the extreme north- 
east corner of the area where the foot-hills of the Wind River Mouut- 
_-ains and a few isolated buttes are composed of a granite which is made 
up of a red feldspar and gray quartz and muscovite. These buttes 
appear to have been islands in the earlier Tertiary lakes. As the 
main mass of the mountains is within the limits of Dr. Endlich’s dis- 
trict, I shall leave the discussion of these rocks to him. They under- 
lie the soft beds of the Wahsatch Group, the lowest layers of which 
are evidently derived from the degradation of the granitic rocks. 
There is a slight inclination from the hills as though there had been 
some elevation of the Wind River Mountains subsequent to the dep- 
osition of the. Tertiaries. The angle of inclination is greater than 
would be expected if the strata were merely deposited on a sloping bed. 
The mountains formed the shore of the lake all through Tertiary time, and 
probably towered above the Paleozoic seas from early time, as did the , 
Rocky Mountains of Colorado, with which they were probably synchro- 
nous. There was probably also a contemporary subsidence. At any 
rate, the evidence appears to point to a subsidence of the range and that 
of the Green River Basin during Tertiary time. On the west side of 
the basin the Wahsatch beds rest unconformably on Jurassic and Cre- 
taceous strata that were crumpled and folded prior to the existence of 
the later Tertiary Lakes. These older beds terminate to the eastward 
beneath the Wahsatch Group somewhere between the Wind River Range 
and the west side of the basin. The most prominent of the isolated gran- 
itie areas near the Wind River Mountains is Frémont’s Butte. It is on 
the south side of Willow Creek, and rises 650 feet above the creek level. 

In the preceding chapter I have referred to the fact of Mr. Hague 
finding granitic boulders in Logan Cafion. If there is a granitic area 
at the head of either of the forks of Logan River it must be very lim- 
ited in its extent, probably appearing only at the bottom of the caiions. 
None were seen by us, and I merely mention the probability of the 
occurrence. 

PALAOZOIC ROCKS. 


At no point within the district was I able to obtain a continuous sec- 
tion from the base of the Paleozoic to the top. In the east, the lowest 
Paleozoic outcrops identified are Carboniferous, and in the west the 
Cambrian rocks are the lowest and show by the erosion of the overlying 
beds; but at no place could I get an uninterrupted section from the 
lowest exposure of the Cambrian to even the top of the Silurian. The 
general section given is compiled from the various outcrops, which are, 
however, sufficiently connected to show that the entire section is con- 
formable. It is possible that a portion of the base of the Carboniferous 
section as given in this report in the Wyoming and Salt River Ranges 
should be referred to the Devonian. In the absence of fossils other 
than Carboniferous I have included it with the Carboniferous. 

In the Bear River Range, Devonian occurs according to the state- 
ments in reports of the fortieth parallel survey. We found no fossils, how- 
ever, and, even if found, our examinations were not detailed enough to 
carry the subdivisions over the whole district, and I have not, therefore, 
separated the Devonian, in this western portion of the district, from the 
Carboniferous. 

SILURIAN. 


The recognized Silurian areas of our district all lie in the west half. 
The most eastern exposures were noted in the Bear River Range, but 


. 
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our examination of this range was too cursory to enable us to present a 
section, as only the upper part of the series was seen here by us. North- 
west of the Bear River Range there are larger areas of Silurian rocks, 
the ranges in that region being largely composed of them. Itis a region’ 
of complicated folding, and the erosion of these numerous folds has left 
isolated mountain masses or short ranges in which Cambrian or Primor- 
dial and other Lower Silurian rocks are exposed. I obtained no fossils 
that would refer any of the limestones to the Upper Silurian. The gen- 
eral section already given is based on the system of Dana. 

Cambrian or Primordial.—The best exposure of Cambrian rocks in our 
district is given in the section eastward from Station 77 (section No. 22). 
Here we have— | 
1. Dark-gray, almost black, quartzites and quartzitic sandstones, with indu- 


rated argillaceous slates; iron oxide appears to be characteristic of the 
lower layers of sandstones; some of the beds appear to be highly meta- 


morphoseds vhicknessim feet eres. a saan ee 4 eee ee eenen 1, 600 
2. Silvery-gray and steel-eray micaceous slates; thickness in feet -........-. 1, 900 
3. Olive green and gray chloritic slates with fucoidal ? markings, with bands 
of quartzite and indurated clay slates; thickness in feet...-.--.--...... 1, 560 
4, Pink and white quartzites, conglomeritic at the top and underlaid by slates 
fjanddimestones;) thiekness-anfeet 22:2.) dcen( sb soso ect aca Bees 2, 000-- 
1 UGS zi] CRS ay ees eee SaaS SOO ae sao aS aae 7, 060-- 


The quartzites here I am inclined to consider as the same series as 
that given near Station 133 (section No. 21). In the latter place we 
have between 1,200 and 1,500 feet of quartzites, the lower portion being 
red and having a general resemblance to those of Station 77 (layer No. 4). 

On Station 130 a similar red quartzite outcrops, but it has limestones 
just below, and below them a series of very dark green chloritic rocks, 
unlike those of any other section in our district. I am inclined to place 
these below the section of Station 77, and consider them of probable 
Huronian age. I shall include them in the section of the Silurian for 
the present. None of the sections exposed the underlying crystalline 
schists. i 

The beds given in the sections are probably equivalent to King’s 
Cambrian shales and Cambrian quartzites. No organic remains were 
obtained from the rocks. Some of the layers appeared to have fucoidal 
markings, and also what might possibly represent traces of worms. 

Canadian.—The Canadian period is undoubtedly present in our dis- 
trict as first determined in 1872 by Professor Bradley. 

Above the pink quartzites of Section No. 21 is a series of greenish 
sandstones and shales with interlaminated limestones and quartzites 
with a thickness of about 1,300 feet. These beds lie below the lime- 
stones which contain the fossiliferous layers, and I have provisionally 
referred them to the Calciferous, confining the Quebec Group to the lime- 
stones above. The section, although the most complete made by me, 
does not extend to the top of the group. West of Malade City, the 
section gives 2,000 feet referred to the Quebec by Bradley. Mr. St. 
John has kindly furnished me with the following section made at Mount 
Putnam, beginning at the base: 
a.—Quartzite. 
b.—Dark greenish chloritic slates. 
c.—Heayy deposit of quartzite, dip 85° eastward. 
d.—Sott bluish micaceous shales. 
e.—Heavy deposits of quartzite conglomeritic, in color pink, reddish and white with 

thin layers of micaceous shales, dip 80° eastward; locally 20° to 30° east-north- 


east, and 85° eastward. 
f.—Dark red finely larninated sandstone, thick bed. Potsdam? 
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The letters in this section correspond with those given in the illustra- 
tion of sections across the Portneuf Range in Chapter IV. 

From the position of these beds in relation to those of the section 
(No. 20) of Station’76, I am inclined to consider them as at the base of 
the Canadian, or perhaps all the equivalent of the Potsdam, although 
the section is ‘somewhat like the top of Section No. 22. I think Mr. St. 
John is inclined to refer the base of the section to the Huronian. In 
the following section the double line separating the two portions indicates 
the line of greatest obscurity in the sequence. 

The list of fossils following the section gives the localities of wn- 
doubted Silurian rocks throughout our district. I did not recognize any 
Upper Silurian. 


Silurian section. 


} Very dark-green chloritic schists, containing quartz and serpentine | g 
seams and interlaminated bands of metamorphosed argillaceous | ¢ $ 
P slates, and a band of pink quartzite 200 feet thick. = a 
. cs Limestones. iB s 9 
ial A ge | a 
mn = a 
a 3 a BaviZiees and quartzitic sandstones, with conglomeritic and | % 3 
& Ay y layers. 2 
2 == ee Sees is ST ln apr clean eT, m1 ioe Se eeret 7 Is rye RC EE IE a ge bee ses ee ao ine ey 
= a Dark quartzites with interlaminated slates. | S 
= EB o : 
i ra q = & 
=o eae = : 
z fa 4 Silvery and steel-gray micaceous slates. = 3 
44 | Sail eia | is 
<4 5 ej}r)@ 
=I © | Olive-green and gray chloritic slates and indurated clay slates. 3 S é 
5 =e . 5 a 
Sa S) 
A Re § | Pink and white quartzites, conglomeritic at top with thin | + iD 
E : 4 5 g layer of limestone at the base. S 
omic a 
y | Op Blue limestones, generally laminated with alternations of | 5 = 
z e 
a Bi greenish sandstones and shales and siliceous slates. = ~ | @ 
m |S Ss De 2 
OR Ne) xo 
& ani oeas 
. s ° ae) 
: 3 & 3 a 
= tall q 
. 3 es Blue and gray limestones, with characteristic Quebec fossils. & z 
2 ie 
ri 


Organic contents. 


Fossils characteristic of the Quebec Group were found in our district 
in 1872, by Professor Bradley. The finding of these fossils marked 
the first identification of the group in the Rocky Mountains. 

The following list of fossils near Malade City is quoted from the report 
for 1872 (p. 464): 

Camerella calcifera Billings. 

Orthis hippolite Billings. (?) 

Orthis like O. electra Billings. 

EHuomphatus (2) trochiscus Meek. 

Huomphalus (2) rotuliformis Meek. 

Huomphatus or Ophileta. 


616 REPORT UNITED STATES GEOLOGICAL SURVEY. 


Agnostus josepha, Hall. 

Conocoryphe (several species). 

Bathyurellus (Asaphiscus) bradleyi Meek. 

Bathyurus saffordi Billings. 

Bathyurus or Dikelocephatus. 

Bathyurellus (Dikelocephatus) (?) truncatus Meek. 

Asaphus (Megalaspis) (2) goniocercus Meek. 

The fossils collected by us during the season of 1877 have not been 

carefully studied as yet, so that the list following is not complete. It 

is probable that many of them are identical with some collected by Pro- 

fessor Bradley. 
List of Silurian fossils. 


Bathyurus and other ob- ) Head of the middle canon of Bear River at the 
obscure Silurian forms. } South end of Gentile Valley. 


Discina sp.? Caiion east of Smithfield. 

Orthis like O. plicatella : 

Orthis like O. testudinata. 

Several species of trilo- 
bites. 


Forks of Logan River, in cafion near Sta- 
tion 125. 


Conocoryphe sp.? 
Dikelocephalus sp.? 
Bathyurus two sp.? 
Obolella sp.? 
Discina sp.? 


Station 133, between Marsh and Cottonwood 
Creeks, nérth of Cache Valley. 


Mouth of Weston Creek Cation on west side 
of the Cache Valley, at the south end of the 
northern portion of Malade Range, near sta- 
tion 130. 


Bathyurus sp.? 
Hyolithes sp.? 
Acrotreta. sp.? 
Discina sp.? 


Head of Station Creek, west of Bear Byer 
Range. - 3 


ew ese eS ees 


Orthis sp.2 


CARBONIFEROUS. 


In the eastern and middle portions of the district the Carboniferous 
formation occupies a prominent and important position, the outcrops 
representing the important ranges, into whose structure they largely 
enter, sometimes making up whole ranges. They are the lowest rocks 
exposed in the Wyoming and Salt River Ranges. In the Bear River 
Range the Carboniferous limestones overlie ccnformably the Silurian, 
and we do not have the entire upward extension of the beds shown. 
I shall now brieily recapitulate the most important’exposures of the 
Carboniferous. 

Labarge Mountain.—At this locality we have two isolated masses of 
Carboniferous rocks. The most prominent was named after the stream 
just south of it and is a monoclinal ridge surrounded by Tertiary strata. 
There are between 400 and 500 feet of limestones exposed on the eastern 
face of the mountain, and a few indistinct fossils of Carboniferous aspect 
were seen in the beds on the summit. Whether this mountain and the 
northern smaller mass are the remnants of an anticlinal, or whether they 
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represent a line of uplift with a fault along its eastern side, could not be 
positively determined. I am, however, inclined to believe the former, 
and that they were islands in the Tertiary lake. 

_ Thompson Plateau.—This area of Carboniferous lies west of the two 
island-like areas just described, and like them has westward- dipping 
limestones. At the south end there may, however, be dips in the op- 
posite direction. This plateau is directly on the line of elevation of 
Meridian Ridge and the line of the fold continuing northward from Piney 
Creek. Iam inclined to think there is faulting along the east edge of 
the plateau, but it may be that this area only represents a higher portion 
of the fold, in which erosion has been greater, so that the eastern side of 
the anticlinal has been entirely removed. To determine which is the 
correct view the southern end of the plateau will have to be more thor- 

oughly investigated, and its connection with the Meridian Ridge deter- 

mined. There may be asynclinal between the south end of the plateau 
and Labarge Mountain. At the north end the Wahsatch beds come up 
over the limestones. 

Wyoming Range.—This range continues northward from Piney Creek, 
and is composed of limestones and a few bands of quartzites, in which 
no fossils older than Carboniferous were found by us. The eastern face 
of the range presents a bluff of these limestones, which dip to the west- 
ward at every point where this face of the range was seen. No detailed 
section was made of ‘the entire series in the range, but there must be a 
thickness of from 5,000 to 6,000 feet of beds. Crossing the range from 
east to west, we find the centre of the mountains occupied by a shallow 
synclinal depression, which is best seen in the Triassic rocks north of 
Station 55. On the western slopes, beds of the Jura-Trias outcrop, and 
beyond them probable Cretaceous, all conformable to the Carboniferous. 
This fixes the age of the mountains as Post-Cretaceous. Along the east 
edge of the mountains the upper limestones of the bluff are from 2,000 
to iS: 000 feet above the sandstones that outcrop at the base. The latter 
have been referred to the Laramie Group, and they dip to the west- 
ward abutting against the westward-dipping Carboniferous. We have 
here, ther efore, an immense displacement, which exists along the entire 
front of the range. The line of the fault is very irregular, curving to the 
westward at a number of places so that bays of the. more modern rocks 
extend into the range. At first I thought the range was the shore line 
against which these beds were deposited, but at no point along the range 
did the Laramie sandstones show any evidence of their deposition in close 
proximity to the shore line. The formation of this fault and the folding 
observed east of the range and in its central portion were all probably 
contemporaneous, and should be referred to early Tertiary time. When 
the Wahsatch conglomerates were formed the Wyoming Range formed 
a part of the western shore of the lake. 

Salt River Range.—This, which is also mainly a Carboniferous range, 
presents along its eastern face a fault like the fault of the Wyoming Range, 
with the downthrow also on the east. It was not accurately measured, 
but it is fully as great in its extent. Its southern extension is perhaps 
to be found in the fault along the east side of the Absaroka Ridge, which 
is similar though not so ereat in amount. In the latter place the Fox 
Hills Cretaceous abuts against the Carboniferous. 

The structure of the Salt River Range is so complicated that the 
reader will have to refer to the detailed description in a preceding chap- 
ter. Suffice: it to say here that there are a number of interesting folds 
which at the southern end of the range involve the Jurassic and Cre- 
taceous? rocks as well as Carboniferous. The Carboniferous of the 
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ranges, appears from the few saetiods made, to be composed mainly of 
_ massive blue limestones, with which a few bands of quartzite are inter- 
laminated. 

Near Station 56 and southward, overlying conformably undoubted 
Carboniferous strata, a series of rather shaly and somewhat arenaceous 
beds was observed, which in the field were referred to the Upper Car- 
boniferous, as they were in position beneath red sandstones considered 
to be of Triassic age. An investigation by Professor White of the few 
fossil remains from them indicates their Triassic? age. 

South of the Salt River Range a comparatively low Carboniferous 
range extends to Twin Creek from the head of Smith’s Fork of the 
Bear, on the east side of Ham’s Fork of Green River. Neither these 
rocks nor those of the Sublette Range, referable to the Carboniferous, 
were sufficiently studied to develop the details of their occurrence. 
They form an anticlinal. 

Preuss Range.—In this interesting range the Carboniferous rocks, con- 
sisting of massive limestones, showing in several sharp folds, yielded a 
number of their characteristic fossils. North of the range, at Station 

65, the upper portion of the formation consisted of a white quavizite, 
siliceous limestone, and laminated blue limestones, above which were 
arenaceous strata with Triassic? fossils. 

Bear River Range.—In the central portion of the Bear River Mount- 
ains massive limestones form ayn important part of the range. They 
have a thickness of 5,000+ feet. In the upper part they become some- 
what siliceous. These beds form the Wahsatch Group of the Fortieth 
Parallel Survey, the base of which has been referred to the Devonian 
by the geologists of that survey. 

No Devonian fossils were obtained by us, and I have therefore not 
been able to separate the formation nor to color it on the Lon as distinct 
from the Carboniferous. 

Portneuf Range and Soda Springs Hills—The northern portion of the 
Portneuf Range is probably almost entirely Carboniferous in its south- 
ern extension. A quartzite lies at the base of the section here, and the 
central portions consist of dark-blue, gray, and lighter colored lime- 
stone, with quartzites and siliceous limestones on top. 

In the Soda Springs Hills, as far as seen, the Carboniferous outcrops 
are similar to those already described. ‘The limestones contained an 
abundance of their characteristic fossils. 


Section of Carboniferous. 


1. Rather compact, heavily-bedded limestones, with a few quartzitic layers at the base in the 
Wyoming and Salt River Ranges. 

Massive blue and gray limestone, with laminated layers at the base in the Bear River Range. 

Blue dove-colored and reddish weathering limestones in Portneuf Range. 

Thickness, about 5,000 feet. 


2. Quartzites in Portneuf Range, and in Wyoming and Salt River Mountains quartzite with 
overlying dark-blue laminated limestones in Station 65 ridge. 


aes 6,000+ feet. 


This general section is based on the following detailed section: Nos. 
9, 14, 15, 16, 17, 19, 20, 30, and 31. 

’T did not recognize any beds as of Permo-Carboniferous age, nor could 
I separate the Sub-Carboniferous from the Coal Measure limestones, as 
none of the fossils found were wpe of the lower division of the for- 
mation. 
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Organic contents. 


I have already intimated that a portion of the beds referred by me to 
the Carboniferous may be Devonian or Silurian, but all the determinable 
fossils collected are Carboniferous in their facies. Many of them are 
undoubtedly referable to the Coal Measures, which in our district con- 
The forms of some of the subdivis- 
ions of the Carboniferous are so apt to be vertically distributed through- ~ 
out the others that the division is of little use except on lithological 
grounds, and our sections are too general to do that in the district under 
consideration. A list of fossils from the west side of Soda Spring Hills, 
collected in 1871, is given in a preceding chapter. 

The following i is a list of Carboniferous fossils collected in the district 
during the season, and kindly identified for me by Professor White: 


sist almost entirely of limestones. 


List of Carboniferous fossils. 


Zaphrentis sp.2 
Productus sp.? 
Hemipronites sp. 


Zaphrentis sp.? 
Productus sp.? 


Zaphrentis sp.?% 
Archimedes sp.? 
Crinoidal stems. 
Corals indistinct. 


Spirifer sp.? 


Spirifer striatus. 
Spirifer sp.? 


Spirifer (Martinia) planoconvexus. 


ZLaphrentis sp.? 
Glauconome sp.? 
Rhombopora sp.? 
Choneies platynota. 
Syringopora sp.? 
Fenestella sp.? 
Crinoid columns. 


Productus multistriatus. 


Hemipronites crenistria. 


Spirifer sp.? 
Euomphatus sp.? 
Platycrinus sp.? 
Zaphrentis sp.? 
Murchisonia sp.? 
Synocladia sp.? 
Productus sp.? 
Proetus sp.? 
Streptorynchus sp.? 
Piilodyctia sp.? 


: 


S 
: 
| 
| 
Bt 


Labarge Mountain, Stations 19 and 
20. 


Station 25, west of Fontenelle Cation. 

Coketown Butte, north of Smith’s 
Fork of Bear. 

Station 47, South of Piney Creek- 


Station 48, between the heads of 
Piney Creek. 


In bowlders from conglomerates of 
the Wahsatch Group, north of 
Bitterroot Creek. 


Virginia Peak, near the north end 
of the Salt River tange, on the 
east side. 


MecDougal’s Pass, at head of elie 
Creek, 


Station No. 57, at the north end of 
the Salt River Range, west side. 
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Productus costatus. 
Spirifer rockymontanus. 
Crinoidal stems. 


Ehombopora lepidodendroides. 
Hemipronites crenistria. 
Productus sp.? 


Spirifer rockymontanus. 
Athyei subtilita. 
Zaphrentis sp.? 
Productus sp.? 
Crinoidal stems. 


Zaphrentis sp.? 
Crinoidal stems. 
‘Leptopora sp.? 
Rhynchonella sp.? 
Crinoidal stems. 


Productus sp.? 
Ehynchonella pustulosa. 
Tthynchonella rockymontana. 
Enomphalus sp. ? 

Spirifer rockymontanus. 
Spirvfer striatus. 

Spirifer (Martinia) sp. ? 
Athyris (Spirigera) subtilita. ? 
Zaphrentis sp.? 

Fenestella sp.? 

Tthombopora lepidodendroides. 
Productus prattenianus. 
Ehynchonella uta. 

Spirvfer striatus. 

Zaphrentis sp. ? 
Hnomphatus sp. ? 

Aulopora sp.? 

Productus costatus. 
Hnomphatlus luxus. 
Producius semirecticulatus. 
Spirifer rockymontanus. 


Spirifer (Martinia) planoconvexa. 


| 


Station No. 82, on east side of the 
Upper Portneuf Valley. 


Ridge southeast of East Fork of 
Blackfoot River. 


Station No. 110, south of Bear Lake, 
on east side of valley. 


Station 114 in Bear River Thanige: 
west of Bloomington. 


Station No, 125, at Forks of Logan 
River, in cation. 


7 of Logan Cation. 
| 


Eastern slopes of Station 136, on 
west side of Malade Valley. — 


West side of the Malade Valley, 
south of Samaria. 


{riage leading to Station 137, on 
\ west side of Malade Valley. 


PAL AHOZOIC OROGRAPHY. 


It is manifestly impossible to enter into any extended generalizations 
from the few facts gathered during the hasty examination of a district 
of 13,000 square miles in one season. ‘There are, however, a few points 
to which I deem it necessary to call attention. 

First. The sections of Paleozoic rocks render it evident that the sedi- 


ments were deposited in a deep sea. 
were eminently limestone-making 


The Silurian and Carboniferous ages 


ages in our district, and the western, 


northern, and southern shores of the “Paleozoic sea were probably far be- 
yond the limits of our district. The Wind River Mountains, as well as 
the Rocky Mountains, of Colorado and their northern extension, rose 
above the Paleozoic sea, and their western slopes probaby formed a por- 
tion of the eastern shore line. 
Second. The Paleozoic sediments show no unconform bility in our dis- 


- 
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trict. There was, therefore, no disturbance during the period within the . 

limits of the area studied by us during the season of 1877. The evidence 
also points to a successive subsidence, which corresponds to what was 
observed in Colorado. * 

Along the western edge of the Wind River Mountains we find that 
Tertiary strata rest on the Archean rocks, and Mr. St. John informs me 
that in the Teton Mountains we do not find the chloritic rocks of the 
Cambrian interposed between the Potsdam sandstone and the Archean 
nucleus of the range. 

It appears, therefore, that in Cambrian time the shore line was a long 
distance west of the Rocky Mountain chain. The upper part of the Car- 
boniferous indicates a change from the deep seas to shallower seas, which 
continue through the earlier portion of the Mesozoictime. The faulting 
of the Paleozoic rocks of the eastern ranges is Post-Cretaceous or Karly 
Tertiary in its occurrence, for we find the Jura-Trias and Cretaceous 
conformable to the underlying Carboniferous. 


MESOZOIC ROCKS. 
= 

The Mesozoic rocks of the district are particularly interesting, not only 
in their lithological structure, but in their faunal characteristics, espe- 
cially as regards the portion referred to the Triassic. They occur in long, 
narrow zones, extending north and south along the edges of the Palzeozoic 
outeropsinthe mountains; and eastof the mountains, where the uplift has 
not been so high nor the erosion so great, we find them folded and un- 
derlying Tertiary strata, with which they are markedly uncomformable. 
In the region of the Blackfoot the Mesozoic rocks have been subjected 
to a complicated folding, and form important ranges, which extend to 
the northward into Mr. St. John’s district. The sequence of the strata 
shows a progress from limestones to sandstones. The Triassic is an 
alternation of limestones and arenaceous shales, with red sandstone at 
the top. In the Jurassic we have limestones and shales, while in the 
Cretaceous the limestones are few, the progress being from argillaceous 
and calcareous shales to siliceous sandstones, which form heavy beds in 
the Fox Hills Group. 

The Cretaceous formation is doubtless present above the Jurassic in 
most parts of the district, but the data obtained are meager. Fox Hills 
fossils were obtained at two localities, but the lower divisions were not 
positively recognized. 

It has been frequently stated of late that the separation of the Trias 
from the Jura is, at present, a matter of difficulty in the West, from the 
fact that the forms supposed to be characteristic of the Jurassic have 
been found in the lower rocks referable to the Trias. My collections 
from the base of the Trias during the season of 1877 appear to point to 
the same state of confusion in the distribution of the Triassic and Ju- 
rassic fauna, although there are indications that data may yet be found 
which will warrant the definite separation of the Trias from the Jura. 
Hither there is no line to be drawn between the two periods in this por- 
tion of the country, or, as is more probable, we are not yet familiar 
enough with the organic remains of the periods to say what are the 
characteristic faune. The period of sedimentation appears to be un- 
interrupted from one period to the other, with the strata of both similar, 
and it is scarcely to be wondered that some forms of the animal life of 
the periods should also be continuous. I, therefore, still use the term 


* Report U. 8. Geol. Survey for 1874, 1875, pp. 68, 69. 


. 


: 
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. Jura-Trias, making the divison of the formations in the section partly on 
lithological grounds. _ - ‘ 
JURA-TRIAS. 


Immediately overlying the Carboniferous limestones in the Salt River 
Range, and in the ridge of Station 66, is a series of alternating arena- 
ceous beds and laminated limestones. They are conformable to the Car- 
boniferous, and, at first, were referred to the Permian division of that 
age, aS above them was a series of red sandstones and shales, which 
were without hesitation referred to the Trias. The examination of their 
organic contents, however, by Dr. White indicates them to be of Triassic 
age. With these are Jurassic forms. Above the red sandstones are 
blue limestones, followed by shales and quartzites, in which undoubted 
Jurassic fossils are numerous. The paleontological question suggested 
by the mingling of Jurassic and Triassic forms will be discussed else- 
where by Dr. White. 

TRIASSIC.—The red sandstones and the beds lying between them and 
the Carboniferous limestones I shall treat under this head, dividing them 
into the two groups, which I call the “Red Beds” and the “‘ Meekoceras 
Beds”; the latter is naméd from the characteristic fossils, a new genus, 
of which three species were collected. . 

The Triassic rocks are found entering conformably into the folds which 
have resulted in the formation of the various ranges of our‘district. I 
shall now briefly recapitulate the principal occurrences of the rocks. 

Green River Basin—On the west edge of the Green River Basin the 
fold that marks its western boundary is rarely cut through so as to 
expose the Trias. At Fontenelle Canon, below the Jurassic beds, red 
quartzites outcrop. These were referred to the Red Beds, as was also 
the outcrop of red sandstones at the mouth of the cafon of Ham’s Fork 
(p. 534.) Farther north a quartzite referred doubtfully to the Trias is 
occasionally seen in some of the cations cut by the streams on their way 
from Meridianal Valley to the Green River Basin. All these outcrops 
are limited. 

Wyoming Range-——On the summit of the Wyoming Range an area of 
Red Beds occupies the syneclinal depression which extends northward 
from Station 55. At the latter pot was made the only detailed section 
of the Red Beds. It is given in Section No. 10, and shows them to con- 
sist mainly of dark red quartzites, with shaly and calcareous layers 
coming in towards the base. The total thickness hereis a thousand feet 
or more. The ‘‘Meekoceras Beds” probably show below, but the section 
could not be carried through them. 

Along the western side of the range the “Red Beds” show in the valley 
of John Day’s River, forming low hogbacks. The Triassic rocks of the 
Wyoming Range are probably the northern continuation of those seen in 
Fontenelle Caton. The greater elevation here and the consequent ero- 
sion have removed the overlying Jurassic, which in Meridian Ridge con-_ 
ceals the Trias. * 

Salt River Range—In the Salt River Range we find both groups of 
the Trias entering into the complicated folds which enter into its struct- 
ure. The outcrops of Triassic do not appear to extend north of Glacier 
Creek, and for the details of their occurrence in the region of Stations 56 
and 58, the reader will have to refer to the description of the Salt River 
Range given in Chapter IV. At Station 56, above the Carboniferous 
limestones containing Productus multistriatus, is a series of arenaceous 
and calcareous beds, which, when first seen, were referred to the upper 
division of the Carboniferous. They contained a few fossils, which have 
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been identified by Prof. C. A. White as Triassic (?). Their resemblance 
to beds at Station 66 was apparent, and they were considered to be of the 
same age while we were in the field. { ae ; 

Blackfoot Basin.—In this region the Triassic beds are generally con- 
cealed by the overlying Jurassic limestones and shales. At Station 66, 
however, and in several of the ridges in the immediate neighborhood, 
as at Station 70 and various points in the northern spurs of the Preuss 
Range, we have the lower division showing. ; 

Bear Lake Plateau.—Towards the northern end of the Bear Lake Plat- 
eau the Triassic red sandstones appear in folds under the almost hori- 
zontal layers of the Wahsatch Group. These beds, with the overlying 
Jurassic, continue northward to the Preuss Range. 

Sublette Range.—The eastern slopes of the Sublette Range are almost 
entirely of Jurassic rocks. On the west, however, the Red Beds show. 
The lower group does not appear as far as noted by us. 

JURASSIC.—The localities given for the Triassic might be given also as 
Jurassic localities, and I shall therefore not repeat them here, but refer 
the reader to the preceding chapters. 

The Jurassic strata are conformable to the underlying Red Beds. I 
have divided them into two groups, which I have named after the fossils 
that appear to be characteristic of them, at least as far as the district is 
concerned. 

The lower group consists mainly of blue and gray limestones which 
become shaly towards the top of the section. Pentacrinus asteriscus ap- 
pears to range through the limestones from top to bottom. The upper 
group is mainly arenaceous, and at the locality of the best section, con- 
tained Belemnites densus, from which I have named the group, although 
it is probable that Belemnites extends down in the formation, and will 
be found associated with Pentacrinus. 

The following is the general section of the Jura-Trias of the district 
examined by us: 


General section in Southeast Idaho and Western Wyoming. 


/ 
4. Red and gray shales with green sandstones, and arenaceous 


~ 
[>] 
limestones at the upper portion of the section, capped by | & 
a quartzite that is probably the base of the Cretaceous. = 

i 


BEDS. 


BELEMNITES 


1, 500 feet. 


3. Laminated limestones, blue at base, passing into gray at 
top, succeeded above by grayish calcareous shales; many 
of the layers are probably arenaceous. 


BEDS. 


Sections Nos. 11 and 25. 


PENTACRINUS 


JURASSIC. 


2. Red quartzitic sandstones with shaly arenaceous and cal- 
careous layers at the base of the section. These are 
pEsubly. the equivalents of the typical Red Beds of the 

astern Rocky Mountain region. 


JURA TRIAS. 


RED BEDS. 
1, 000 + feet. 


1. Alternations of reddish and greenish sandstones and arena- 
ceous and calcareous shales with blue and gray laminated 
limestones. These beds are fossiliferous at four horizons, 
containing species of a new Triassic? genus by Professor 
Hyatt, together with forms that have been heretofore 
considered as of Jurassic age. 


4,000 + feet. 


TRIASSIC? 

MEEKOCERAS 
BEDS 

3, 000 + feet. 
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This general section, as I have already indicated, has been compiled 
from the detailed sections given in preceding portions of the report. The 
numbers of these sections are given in the right-hand column of the 
table. 

Section No. 11, in John Day’s Valley, begins just at the top of the ““Red 
Beds.” Of the latter the best section was made at Station 55. (Section 
No. 10.) 

The section of Station No. 66 (Section No. 19) is the section of the Meek- 
oceras Beds, and I am of the opinion that it lies immediately below the 
Red Beds. In descending the ridge leading southwest from Station. 66, 
the last dips seen are towards the southwest, but the timber soon be- : 
comes dense and obscures the outerops. After passin g through the timber 
and coming out in the Blackfoot Valley, red sandstones, in all respects — 
like those in John Day’s Valley and the Salt River Range, are noted with 
a northeastern dip. It is evident, therefore, that the timber covers a& 
synelinal axis, and the red sandstones probably outcrop with a south- 
west dip somewhere between Station 66 and the northeasterly dipping 
outcrop on the Blackfoot. 

Again, in the Salt River Range below the red sandstones is a series 
of erayish calcareous and arenaceous beds, resembling those of section 
No. 19 at Station 66. These beds also contain Aviculopecten pealet and 
Gervillia, which occur in section No. 19. 

The beds therefore appear to be lithologically and paleontologically 
identical, and also occupy the same position stratigraphically, and I have 
no hesitation i in connecting the sections as I have done in the — 
section. - 

The limestones, called the “‘ Pentacrinus Beds,” were so named because © 
Pentacrinus asteriscus appeared to be a characteristic fossil of the beds 
wherever they were seen. 

The only fossils from the ‘“‘ Belemnites Beds” were obtained in J ohn 
Day’s Valley, and this name was given provisionally, although itis prob- 
able that Belemnites densus will “be found to range down through the 
section in other localities, when a more careful investigation shall be 
made. 

The name ‘“‘ Red Beds” has been retained for the red sandstones be- 
cause they are supposed to be equivalent to the ‘‘ Red Beds” of the Kast- 
ern Rocky Mountain region in Colorado and adjacent regions. 


Organic contents. 


The fossils from No. 1 of the section have been described by Professor 
White in Bulletin of the Survey, Vol. V, No. 1, pp. 105-117. The list is 
as follows: 


Meekoceras gracilitatis. 
Meekoceras mushbachanus. 
Meekoceras aplanatum. 
Arcestes ? cirratus. 
Arcestes ? two species. 
Terebratula semisimplex. 
Terebratula augusta. 
Aviculopecten idahoensis. 
Aviculopecten pealei. 
Aviculopecten altus. 
Humicrotis curta.. 


~ 
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Dr. White says: 


Among the exposures of Jura-Trias strata in the district here indicated (and they 
are numerous and comparatively small in consequence of the great disturbance which 
they, together with their associated strata, have suffered), there are three localities 
which are especially interesting, because the strata there exposed contain not only a 
number of new forms, but because some of the typesin which those forms are expressed 
are such as in Europe are regarded as characteristic of the Trias. 

Professor Hyatt proposes one new genus, which has not only important and signifi- 
cant relations with other genera, but “the fact is an interesting one that with its first 
and only discovery three strictly conforming, but well-differentiated species, were found 
See together, indicating thereby the permanent establishment of that generic 

orm 

According to European standards, the Cephalopods here described are unquestiona 
bly of Triassic types, and, as pointed out by Professor Hyatt, * * * they have more 
resemblance to certain Cephalopods of the Muschelkalk of Kurope than to any other. 
This is an interesting and somewhat unexpected circumstance, since the only other 
Cephalopod forms from strata of the Western Territories which have been assigned to 
the Trias as distinct from the Jura have been regarded as especially representing the 
horizon of the Saint Cassian Aussee and Halldstadt deposits of Kurope. 


_ The fossils here referred to by Dr. White are described by Professor 
Meek in Vol. IV Report U. 8. Geol. Exploration of Fortieth Parallel. 
They are from the Star Peak Group of Western Nevada.* 

King, in speaking of this group, which he calls the Alpine Star _ 
Trias, says: 

It will he remembered that the Trias east of the Wahsatch is also stratigraphically 
divided into two prominent parts of nearly equal volume; the lower red-beds, which 
contain little or no limestone, and but few isolated beds of ¢ gypsum, and the Upper 
Red Bed, which are characterized by occasional limestone seams of no great volume, 
and frequent occurrences of gypsum. These two Triassic seas, separated by a wide 
area of continental land, differ from each other in a manner which renders correlation 
next to impossible. If there is any correlation between the beds of the two series, it 
would seem probable that the Koipato is the equivalent of the Lower Red Beds of the 
eastern sea, and that the overlying Star Peak Group may be the equivalent of the 
Upper Ked Beds, the two being characterized by intercalations of limestone.t 


Our district is intermediate between the district here referred to by 
King and the eastern seas mentioned by him, and it is difficult to corre- 
late the sections lithologically. We have, however, calcareous layers 
in the Red Beds (No. 2 of the section), and if the fossils from the Star 
Peak Group are Upper Trias, and those from No. 1 of our section are 
the equivalent of the fossils of the Muschelkalk of Europe, we may, per- 
haps, indicate the correlation as follows: 


King’s Section. Section in Southeast Idaho, &c. 
Star Peak Group = Red Beds. 
Koipato Group = Meekoceras Beds. 


Whether the Meekoceras Beds should be considered as of Lower or 
Middle Trias cannot, of course, be stated as yet. The Nevada section 
has amuch greater thickness than our section, which is, however, greater 
than that of the Colorado section. 

It is possible that a portion of the beds referred to the Upper Division 
-of the Carboniferous in some portions of the West may yet be found to 
be in part at least equivalent of the Meekoceras Beds. In settling some 
of these doubtful questions, there is scarcely any portion of the West that 
will afford a better eenne for study than the district rapidly gone over 

- by us in 1877. 

The following is a complete list of the Jura Trias fossils collected by 

us and identified by Professor White: 


*U. 8. Geol. Exploration of the 40th Parallel, Vol. II, chapter V; Vol. I, p. 269. 
 t1bid., Vol. I, p. 270. 
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List of Jura Trias fossils. 


Pentacrinus asteriscus. 
Camptonectes bellistriatus. 
Ostrea strigilecula. 

Ostrea sp. ? 

Trigonia sp.? 

Mytilus sp.? 

Myalina sp.? 

Volsella sp..2 


Humicrotis curta? 
Myalina whitei? 
Aviculopecten idahoensis. 
Myacites sp.? 

Volsella sp.? 


Aviculopecten idahoensis = 
Aviculopecten sp.? 
Lingula brevirostris. 
Ostrea sp.? 

Myacites sp. 

Humicrotis curta. 


Pentacrinus asteriscus. 
Camptonectes bellistriatus. 


Camptonectes stygius? 


! 


Pentacrinus asteriscus. 
Ostrea strigilecula. 
Tancredia sp.?. 
Undetermined conchifers. 


Undetermined gasteropods. 


Pentacrinus asteriscus? 
Neritina sp. ? 


Pentacrinus asteriscus. 
Camptonectes bellistriatus. 
Trigonia sp.? 

Myascites sp.? 


Belemnites densus. 
Aviculopecten Idahoensis. 
Gryphea sp.? 
Undetermined bivalves. 


Ostrea strigilecula. 
Undetermined forms. 


iMeekoceras* aplanatum. 
Meekoceras gracilitatis. 
Aviculopecten altus. 


Meridian Ridge south of cafion of 
Fontenelle Creek. 


of Twin- Creek, east of Bear 


‘West side of Rock Creek, branch 
River. 


North side of Smith’s Fork Valley 
above the mouth, east of Bear 
River Valley. 


Sublette Ran ge east of Station 38. 


East of Smith’s Fork of Bear 
. River. 


of Smith’s Fork of Bear River. , 


North side of Lake Creek. 


Near mouth of MeDougal’s Creek, 
lower part of section No. 11. 


Near mouth of McDougal’s Creek, 
upper part of section No. 11. 


Stations 89 and 90, Aspen Ridge, 
east of Soda Springs. 


| 
bs the mouth of the lake branch 
| 


ern branches of the Blackfoot 


On Middle Creek, one of the south- 
River. 


* New genus established by Prof. A. Hyatt. 


TRIAS. 627 


PEALE. | 


Meekoceras gracilitatis. 
Meekoceras mushbachanus. 
Arcestes cirratus. 

Arecestes sp.? 

Arcestes sp.? 
Aviculopecten pealet. 
Undetermined conchifers. 
EHumicrotis curta. 
Undetermined conchifers. 


Ridge north of Station 66, south of 
John Gray’s Lake. 


Station 66, south of John Gray’s 
Lake. 


Aviculopecten idahoensis. 
Humviecrotis curta. 


Terebratula semisimplex. 
Aviculopecten idahoensis. 
Undetermined conchifers. 
Gervillia sp.? 


Ridge south of Station 66. 


Aviculopecten idahoensis. 
Aviculopecten rectus. 
Terebratula augusta. 


Station 70, west of Blackfoot River. 


Ridge north of Station 56, Salt 
aeen Range. 


Near Station 100, north end of Bear 
Lake Plateau. 


Aviculopecten pealet. 
Gervillia sp.? 


A viculopecten idahoensis ? 
Eumicrotis curta. 


| 

| 

eon L 

Terebrutula augusta. Be) 
8 

3 

| 


Ostrea strigilecula ? ; West of Station 108. 


Pentacrinus asteriscus was found nowhere associated with Meekoceras or 
Humicrotis, and the latter was never by us found in the strata above 
‘the Red Beds. The following, as will be seen from the list just given, 
were the associated fossils with Pentacrinus asteriscus : 


Camptonectes bellistriatus. 
Ostrea strigilecula. 
Trigonia sp. ? 

Tancredia sp.? 

Volsella sp.? 

Myalina sp.? 
Myacitessp.? 

Neritina sp.? 
Undetermined conchifers. 
Undetermined gasteropods. 


These are all Jurassic forms; and I believe the only instance in which 
P. asteriscus has been found associated with Triassic forms is the one_ 
mentioned in the reports of the Fortieth Parallel Survey,* in which it is 
stated that it was found associated with what are regarded as unmistak- 
able Alpine Trias fossils and also a spirifera, a palseozoie type. Mr. Em- 
mons says:t ‘*It should be stated also that these disks of Pentacrinus 
found im the Dun Glen limestone vary somewhat from the type speci- 
mens, and are all of larger size, reaching one-fourth of an inch in diam- 
eter, while those of Jurassic age scarcely ‘reach one-fifth of an inch. Pro- 


* Descriptive Geology, Vol. Il, p. 711; Systematic Geology, Vol. I, pp. 279, 280. 
t Descriptive Geology, Vol. nits p. 711. 
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fessor Whitfield suggests that the Dun Glen variety may possibly be a — 
new species.” 

Eumurotis curta was not found associated with Pentacrinus at any 
point in our district, but at several localities where the section was ob- 
secure it was found with— 


Aviculopecten Idahoensis ? 
Lingula brevirostris. 
Myalina sp.? 

Myacites sp.? 


The beds, however, were above the Red Beds, but I was unable to 
determine their relations to the Pentacrinus beds. 

In other areas Humicrotis curta has been found associated with Jur- 
assic fossils. In the areas surveyed by the Fortieth Parallel Survey it 
occurs with— 

Belemnites. 
Gryphea. 


In our district, we have seen that it occurs associated with the Triassic? 
fossils in the ‘‘ Meckoceras beds” which proves, as Dr. White has said,* 
a great vertical range for the species. He also remarks that Terebratula 
augusta (Hall and Whitfield) has been considered by the authors as a 
Jurassic species. 

The Cephalopods of the “ Meekoceras beds,” described by Dr. White, 
are, he says, unquestionably Triassic, according to European standards, 
and resemble Cephalopods of the Muschelkalk “of Europe. 

The only other Triassic Cephalopods from the West are those obtained 
by the Fortieth Parallel Survey, from the Star Peak Group in Nevada, 
and they have been considered the faunal equivalents of the St. Cassian 
and Hallstadt beds of the Austrian Alps. 

The Star Peak Group, as we have seen, is referred by King to the 
Upper Trias, while the fossils from our district appear to indicate Mid- 
dle Trias as the age of the beds from which they were obtained. ‘The 
fossiliferous rocks: have, however, not been closely enough studied as 
yet to predicate their exact horizon, and we cannot, therefore, be too 
cautious in speaking of their age. 

There are numerous circumstances that appear to indicate that m the 
Jura-Trias, as in other formations, there is what may be called a plane 
ot paleontological indefiniteness at either end of the formation. This 
has often been stated by Dr. White, and as he has remarked, when the 
deposition of sediments is continuous from one formation to another, it 
is not strange that forms of life should continue uninterruptedly from one 
to the other. It is not strange, therefore, that we should find, as in 
New Mexico, Triassic plants at the top of the Jurassic, and, as in our 
district and at many other localities, Jurassic invertebrates at the base 
of the Trias, and as in Nevada, Paleozoic types continuing into the 
lower Mesozoic. The advisability, therefore, of retaining the name of 
Jura-Trias for the present is obvious. With’ the accumulation of data 
many of the points that are now obscure will assume the certainty of 
facts. 

To recapitulate briefly, the investigations of the season of 1877 indi- 
cate— 

1, The lithological separation of the Jura-Trias of Southeastern Idaho 


* Bulletin U.S. Geograph. and Geol. Survey, Vol. V, No. 1, p.—. 
tSee Report U. 8. Geoi. Survey for 1875-187 6, pp. e487. 
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and Western Wyoming into three divisions, the upper and lower ones 
mainly calcareous and the middle mainly siliceous. 

2, The discovery in the lower group of a new Triassic genus of Ceph- 
alopods, named by Prof. A. Hyatt, of which three species have been 
deseribed by Dr. C. A. White. 

3. The association with these Cephalopods, of forms that have here- 
tofore been considered as Jurassic. 

4, The absence of fossils in the “‘ Red Beds, ” or middle group. 

5. In the limestones above the “‘ Red Beds” ’the presence of undoubted 
_ Jurassic forms, two of which, perhaps, range through the series down 
into the ‘‘Meekoceras Beds,” or lower group. 

_ The latter part of these remarks have been published already m the 
Bulletin of the Survey, Vol. V, No. 1, in almost the same shape as here. 


CRETACEOUS. 


The only group of the Cretaceous from which fossils were obtained was 
the Fox Hills Group, which at two localities in the Fontenelle Hog- 
backs yielded the‘following: 


Ostrea soleniscus. 

Ostrea sp.? 

Trapezium sp.? 

Tnoceramus sp. ? 

The sandstones forming this group are treated of in Chapter III. 

It is probable that the entire Cretaceous series is present beneath the 
Fox Hills Group, but as we did not find any paleontological proof, I shall 
content myself by referring the reader to the detailed descriptions 
already given. 

In the valley of John Day’s River, at the top of the Jurassic section, 
is a quartzite, which has been doubtfully considered as the Dakota sand- 
stone. Above it is a series of arenaceous beds, some 3,000 feet in thick- 
ness. We had no good exposure of these beds, but they have been 
thought to represent the Cretaceous TERRES ONE, although no organic re- 
mains were obtained from them. 

A similar set of beds was seen above the Jurassic section on the lake 
branch of Smith’s Fork of Bear River. Here the softness of the strata 
was the cause of their almost total concealment. 

Above them is a conglomerate, which is succeeded by greenish lam- 
inated sandstones, which contain lignitic layers. These upper beds have 
been considered as of Laramie age. 

In the valley of Smith’s Fork, south of this locality near the bend, 
there appears to be no room for the Cretaceous between the Jurassic and 
the Laramie, and while in the field I was inclined to think there might 
be a gap between them, caused by subsidence of the surface during the 
deposition ofthe Cretaceous. I shall, however, have to leave the con- 
sideration of the Cretaceous until it is more certainly identified and cor- 
related with the well-known Cretaceous sections. 

The formations thus referred to the Cretaceous are confined to the 
eastern half of the district. From the Bear River Range and the Preuss 
Range westward they are absent. Whether they were ever present, I” 
cannot say. 

POST-CRETACEOUS. 


It is unnecessary to enter at this place into a discussion as to the 
origin of the term Post-Cretaccous, as used by Dr. White and the other 
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members of the survey. The group of strata referred to the formation 
is the Laramie Group, in regard to the age of which so much has been 


written. The transitional character of the beds was long ago noted by | 


Dr. Hayden and other writers. As long as the evidence presented by 
the various organic contents is conflicting, it seems best to retain the 
term Post-Cretaceous. 

The areas from which fossils characteristic of the group were obtained 
in our district may now be briefly enumerated. -. ; . 

Green River Basin.—Along the eastern foot of the Wyoming Range, 
between it and meridian fold, that marks the rim of the Green River 
Basin, there is a series of greenish-gray sandstones with shaly bands, 
which rest on the beds that I have referred to the Cretaceous. The ends 
of these sandstones, dipping westward, abut against the westward- 
dipping limestones of the range. The line of junction marks the line of 
an immense fault. This fault is some 2,000 or 3,000 feet, the downthrow 
being on the east. A similar fault is seen along the east side of the Salt 
River Range, but whether or not there are any Laramie beds involved 
here I cannot say at present. 

The line of junction between the Laramie beds and the Carboniferous 
limestones is generally obscured by débris. Iwas not able to get a good 
section, but there must be in the neighborhood of 4,000 feet of sand- 
stones referable to the group along the foot of the range. It is probable, 


also, that the entire thickness of the group is not exposed. Following 
the folding and faulting which affected these beds, there was a period - 


of erosion preceding the deposition of the Wabsatch Group. The latter 
is unconformable to the Laramie Group along the entire range, while 
the Laramie appears to be conformable to the underlying fermations. 
At the bend of Ham’s Fork there is an outcrop of sandstones, from which 
Laramie fossils were obtained, but there is a fault at this locality which 
has confused the relations of the strata, and it is not certain that the 
fossils obtained were in place. 

The line of the fault along the eastern side of the Wyoming Range is 
not a straight line; but the Laramie sandstones fill bay-like recesses in 
the Carboniferous limestones of the range. This is especially the case 
in the northern portions, and led me at first to think that the range had 
formed a portion of the shore of the Laramie Sea; but afterwards the 
contact of the sandstones with the limestones was well seen, and the 
former were seen to have a dip to the westward against the limestones, 
which also dip to the westward. It was clearly seen to be afault. The 
latter seems to have taken place a little after the sandstones were folded, 
or perhaps they were crowded against the mass of Carboniferous lime- 
stones at the time the fault occurred. The conditions here are shown 
in the sections of Meridian fold in Chapter ITI. 

There was no evidence in the Laramie beds of the immediate proxim- 
ity of the shore during their deposition, as there was in the beds of the 
Wahsatch Group. ; 

Smith’s Fork and Bear River region—Along the east side of Bear 
River, between the valley and the mountains, is a comparatively low 
area of sandstones, which sometimes assume the character of low hog- 
back ridges. ‘These sandstones are gray and greenish gray. They are 
folded corresponding to the folds of the older rocks. On Twin Creek 
they are seen below Wahsatch conglomerates, which rest on their up- 
turned edges. Here there are layers of coal, from which unmistakable 
Laramie fossils were obtained. OnSmith’s Fork, also, a bed of coal out- 
crops, and from it a few forms were obtained. 

North of this region, near Station 41, another fossil locality was noted, 


os, 
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and. above the greenish and gray beds a series of red sandstones, many 
of them conglomeritic, were noted. These beds are seen much farther 
to the north, extending into Mr. St. John’s district. No detailed sec- 
tion was made, but there must be from 6,000 to 7,000 feet of beds. It 
must be borne in mind that the line between the Laramie Group and the 
Cretaceous has not yet been drawn in this region. I shall, therefore, 
not attempt to give any general section of the formation at present. 
The fossils next found below the Laramie were Jurassic; but there was 
plenty of room between the fossiliferous horizons for the entire Creta- 
ceous series, which is probably present, although not positively recog- 
nized. 

The series, from the Carboniferous up through the Jurassic and over- 
lying beds, i is perfectly conformable until we reach the Wahsatch Group, 
which, wherever seen, was distinctly and. strikingly uncomformable. 

It must be remembered that the region investigated by us was prob- 
ably near the western shore line of the Wahsatch Lake, and a consid- 
erable portion of the area that was below the level of the Laramie sea 
became land after the deposition of the Laramie beds, or perhaps before 
the end of the period. The bottom of the Laramie sea appears to have 
been subjected to a constant and gradual subsidence, as the strata indi- 
cate their deposition in shallow waters, and the thickness attamed by 
them must be at least 5,000 feet. The upper conglomerates in the 
Smith’s Fork region and between Crow Creek and Beaver Creek resem- 
- ble the lower beds of the Wahsatch Group, although they are firmer; 
probably from the fact that during the orographical disturbances that 
oceurred after their deposition they were subjected to considerable fold- 
ing and consequent lateral pressure. 

The lower sandstones are similar to those of the Fox Hills Group, and 
as far as known the two formations are conformable. There were some 
indications at the lower end of Ham’s Fork Caiion that the Laramie 
Group.rested on the upturned edges of the Triassic Red Beds, but the 
fossils were not found in place, and other portions of the region seemed 
to indicate that the Laramie Group was conformable uo the underlying 
formations. 


Organic contents. 


The fossils collected were from two localities in the Green River Basin 
and three in the Smith’s Fork and Bear River region. They have all 
_ been identified by Dr. White as equivalent to those of the Laramie 
Group as exposed in the Bear River estuary beds. 

The following is the list of these fossils collected during the season, 
identified by Dr. C. A. White: 


List of fossils from the Laramie Group. 


Oorbula sp. ? West side of Meridian fold in Merid- 
Undetermined forms..- } ional Valley, on Piney Creek. 


Lower end of the canon of Ham’s 


2 
Corbula sp. % Fork, east side of Oyster Ridge. 


Campeloma macrospira. 
Pyrgulifera sp.?* 


*Tn addition to these a fragment of a leaf of an Aralia was found. 
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Corbicula ( Veloritina) durket. 


Membranipora ? 

Rhytophorus meekii. | 
Gomobasis chrysallis. Twin Creek, about four miles above 
Goniobasis chrysaloidea. . its mouth, east of Bear River Val- 
Volsella (Brachydontes) sp.? ley. 


Pyrgulifera humerosa. 
Ostrea sp.? » 
Neritina sp.? 


Corbicula Veloritina durkei. © 
Corbula pyriformis. 
Goniobasis chrysaloidea. 
Goniobasis cleburni. 
Pyrgulifera humerosa. 

Unio vetustus. 

Ostrea sp.2 


a 


Station 41, on Thomas Fork of Bear 
| River, north of Sublette Range.” 


ae North side of Smith’s Fork of Bear 
SAD GTS i River, 3 miles above the mouth. 


MESOZOIC AND POST-CRETACEOUS OROGRAPHY. 


We have seen that with the beginning of the Trias there is a change 
in the characters of the rocks. Instead of the massive limestones of the 
Carboniferous, we have a series of interlaminated sandstones and then 
limestones. Thé beds are largely detrital, and their structure points to 
their derivation from a land area not far distant. They indicate also 
the probability of a progressive subsidence, interrupted by oscillations. 
The continental area uplifted, according to King, at the end of the Car- 
boniferous, is probably the source of the detrital material entering into 
_ the composition of the Triassic formation, a8 its eastern shore line was 
_ west of the present Wahsatch Range. That the Post-Carboniferous up- 
lift did not affect the area embraced in our district is proved by the per- 
fect conformity between the Carboniferous and the Trias everywhere 
observed in our district. ‘The only effect was indirect in the changing 
of the character of the sediments. 

There is also no evidence of disturbance at the close of the Jurassic. 
The latter is a limestone-making period at the beginning everywhere in 
our district, and the change from the Trias is marked as though the pe- 
riod had been ushered in by a considerable subsidence. Toward the 
close the waters appear to have been shallower, the sediment becoming 
more and more arenaceous until in the Cretaceous we have shales and 
sandstones almost exclusively. 

As already noted, the conformability extends to the top of the Laramie 
group, as exposed in our district. After the deposition of the latter the 
region was subjected to the most intense orographical disturbance. 
The region from the Green River Basin westward was upheaved. The 
Wyoming Range, the Salt River Range and the isolated mountains in 
the western part of the district, all owe their origin to this folding, which 
was accompanied by the faulting of the strata that is seen along these two 
ranges. The folding of Meridian Ridge was also synchronous. The Wah- 
satch Lake was outlined, its eastern shore being the uplifted Wind River 
Mountains which had probably existed as an island in Paleozoic and Me- 
sozoic time, and its western shore the Wyoming Range and Absaroka 
Ridge. The Meridian Ridge and its northern extension probably at first 
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represented the western edge of the lake, but it soon spread so that it 
reached from the Wind River Mountains to the very base of the Wyoming 
Range and around its southern end, westward to the Bear River Range. 

At first | was somewhat inclined to consider the faulting along the 
Wyoming and Salt River Ranges as of later date than the “Post- Creta- 
ceous fold which is seen in the ranges and the eastern outlying ridge, but 
resting on the eroded edges of the Laramie sandstones which enter into 
this fold I found Wahsatch conglomerates composed of limestone peb- 
bles, that, without doubt, came from the main range, which must, there- 
fore, have formed a portion of the shore-line of the lake in which the 
conglomerates were deposited, and from the erosion of this land area 
they were formed. I ther efore consider the folding and faulting to have 
occurred at approximately the same time. 

In the western portions of the district the Cretaceous and overlying 
. rocks are absent, probably from erosion, so that we cannot now tell the 
westward extent of the formation. The Jurassic is seen on the eastern 
side of the folds which form the northern extensions of the Wahsatch 
Range. 

The region westward from what is now the Green River Basin was 
lifted above the level of the sea and probably added to the land area, 
defined at the end of the Carboniferous, which was farther west. 

I have spoken of the isolated ranges in the Blackfoot region and in 
the Cache Valley region. They now exist as monoclinal ranges, but evi- 
dence is not difficult | to obtain that they are simply the eroded fragments 
of anticlinals. I am inclined to regard their age the same as that of the 
Wyoming and Salt River Ranges, although they appear to be much more 
eroded, as if they had been subjected to the erosive influences for a much 
longer ‘period of time. We have seen, however, that, as far as seen, the 
Cr etaceous formation is perfectly conformable with the Jurassic; so that 
there is no evidence of an upheaval within the limits of our district at 
the end of the Jurassic. The sediments indicate a progressive subsi- 
dence from the Jurassic through the Cretaceous. 

To recapitulate briefly, the facts observed in the district seem to indi- 
cate— 

1. A shallowing of the sea at the beginning of the Trias due to the 
rising of a land area somewhere to the westward. 

OA general subsidence throughout the Trias, with oscillations of 
level. Age its) 

3. The ushering in of the Jurassic by a somewhat paroxysmal subsi- 
dence which considerably deepened the sea. This was probably due to 
a Jurassic uplift in some other portion of the continent. 

4, Subsidence during the latter part of the period preceded by a yes 
of comparative rest. The sea-bottom appears to have been raised by a 
succession of deposits, of fragmental rocks, which then subsided gradu- 
ally and successively through the latter part of the Jurassic and through 
the Cretaceous. 

5. The continuance of the subsidence through the Post-Cretaceous and 
the shallowing of the sea towards its close probably by a general eleva- 
~ tion towards the close of the period which perhaps foreshadowed the 
disturbance which was to take place after the deposition of its sediments 
was completed. 

6. Intense disturbance at the end of the Post-Cretaceous (as exposed 
in our district) which resulted in the upheaval of the area west from what 
is now the Green River Basin to beyond the western lne of our district. 
The rocks of the whole region were folded and faulted in an extraordi- 
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nary. In the eastern and southeastern portion of the area the Wahsatch 
lake was outlined. 

It should be stated here that the western shore line of the Post Cre- . 
taceous has not been recognized, and that it is probable that if the 
peripheral portions of the Laramie Group could be observed, as Dr. 
White remarks, some unconformity would be seen between it and the 
Fox Hills Group. He says:* “There must necessarily be some uncon- 
formity between these groups in the peripheral portions of the Laramie, 
because, as will be shown farther on, the area upon which its waters 
rested was cut off from the great open sea by the elevation of portions 
of the bottom upon which the Fox Hills deposits were made.” 

The fossils from the Laramie Group in our district are equivalent to 
those of the Bear River estuary beds. These, Dr. White is inclined to 
think, are somewhat older than the fossils from the group at other locali- 
ties, and he therefore thinks the Post-Cretaceous upward movement may 
have begun before the complete deposition of the strata composing the 
group.t : 

We have seen See after the uplift a period of enormous subaerial 
erosion occurred, which was precedent to the deposition of the Upper 
‘Wahsateh. It would seem to have been too great to have all been 
caused during the earlier Wahsatch, although doubtless part of it is to 
be so referred. In places the whole of the Cretaceous, Jurassic, and 
Triassic has been removed, exposing the Carboniferous, and even some- 
times the Silurian, upon the eroded edges of which the Wahsatch con- 
glomerates rest. It seems probable, therefore, that a portion of this 
erosion took place during the later portions of the Laramie period. This, 
taken iu connection with the fossils, appears to indicate that the eleva- 
tion took place before the end of the Laramie period, and that, there- 
fore, we do not have the entire series in our district. 


CENOZOIC ROCKS. 


The Cenozoic areas of our district are of particular interest, but the — 
time allotted to the preparation of this report has been too short to enter 
into the discussion of the various points that naturally arise when con- 
sidering them. In early Cenozoic time the entire western portion of our 
district was a land area, while the eastern was occupied by a portion of 
the great lake which reached eastward and southward for many miles. 
Still later, the conditions appear to have been reversed, and while the 
eastern part was above the sea-level, in the west was a series of lakes, 
which continued from Tertiary to Quaternary time, and of whose late 
existence we have a trace in the present Great Salt Lake. 

The deposits are all lacustrine, generally sandstones, but with calea- 
reous layers at various horizons. The latest deposits are soft and friable, 
being generally marls and loosely aggregated sands. Over the surface 
of the entire district, except in the mountains, there is a thin covering . 
of unstratified drift, which will not be further considered in this report. 


TERTIARY. 
In considering the early Tertiary rocks of the district, I shall use only 


the names of the groups, without reference to the terms Eocene or Mio- 
cene. The Salt Lake Group I shall consider as Pliocene. 


peta of the U. S. Geol. and Geograph. Survey of the Territories, Vol. IV, No, 
p- 866. 
Tae pp. 246, 247 of this volume. a 
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The following is the section of the Tertiary formations: 


Tertiary section. 


. al 

a S 

S 14. Soft yellow sands and marls. 45 o 
Og | 13. Gray sandstones. = as 
ao 12. White and light brown limestones. ad a8 
“4 | 11. With intcrlaminated shales. she lhe Rc 
HA 10. Pea-green sands and shaies. ~ = aS 
2 9. Coarse conglomerates. Be : 

cs o) 
wn <2) 


8. Somber colored soft clays and sands, sometimes variegated near the base, 
but generally of a dull gray color. 


Bridger 
Group 


. White caleareous shales and sands, with intercalated limestones. 
. Thin fissile white shales; yellow sandstones. 
. Greenish and whitish shales and sands and limestones; yellow sandstones. 


1,000+ feet 
Section No. 4. 
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NN 
F| i Leb ye = Bas 
Sa, | 4. Coarse limestone conglomerates with siliceous cement. £ PAS 
Se | 3. Coarse red, purple, and yellow sandstones. as 
as | 2. Variegated clays and sands. a Ba 
Eo 1. White sandstones. 3 Bias 
D 


In this section I have ineluded only the undoubted Tertiary. At no 
place was the Salt Lake Group seen resting on the Bridger Group, nor 
was the latter well shown anywhere in the district. 


WAHSATCH GROUP. 


After the Post-Cretaceous uplift the region of the Green River Basin 
was occupied by a lake which extended westward in our district to the 
Bear River Range. It appears that in its early stages this lake was 
much smaller than the area; now covered sby the deposits indicates, for 
wherever the beds referable to the period were seen, they were found 
resting on the upturned and much eroded edges of the older strata, which 
include rocks from Silurian age to the Laramie Group, and the deposits 
represent only the upper part of the group. 

The largest areas of the Wahsatch are in the northern portion of the 
Green River Basin, where a large part of the surface is covered by its 
deposits. The overlying Green River Group in this region is mostly 
absent, having been eroded away. Isolated buttes, however, still remain, 
proving its former existence and extension over the whole region. Along 
the southwestern slopes of the Wind River Mountains the Wahsatch 
beds rest on the granitic rocks, and were evidently derived from the dis- 
integration of the granitic rocks that farther to the eastward make up 
the main range. ‘They consist of yellow, gray, aud pink sands and marls, 
which dip from 5° to 10° from the mountains. West of Green River the 
character of the beds is similar to those on the east. They are generally 
brick-red in color and weather into picturesque bad-land forms. Along 
the edge of the basin they are found to be composed mainly of conglom- 
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erates, which contain pebbles of limestone, and a were evidently de- 
rived from the adjacent mountains. When these beds were deposited it is 
evident that a large part of the land had been eroded, for the Mesozoic 
beds must have been largely removed from the mountains.* The red 
character of the sediments, however, is due to the wearing down of the 
red Mesozoic rocks, as the conglomerates of the Wahsatch are cemented 
by siliceous material, the predominating color of which is red. The red 
color, however, is more marked farther from the mountains, where the 
sediments are finer. 

South of Thompson’s Plateau we find the Wahsatch beds resting on 
the Jurassic rocks of Meridian ridge, beyond which they do not extendto 
the westward. In this region we have only a narrow line of outcrop of 
the group along the east side of the ridge, as the Green River Group 
forms a large portion of the surface to the eastward. As the ridge de- 
clines in elevation to the southward, the variegated Wahsatch beds reach 
farther to the westward, resting on ’the Cretaceous strata which were not 
removed from the fold. 

North of Thompson Plateau the group rests on Juarassic, Cretaceous, 
and Laramie beds, and isolated patches rest on the latter, close to the 
mountains. Nowhere along the western edge do we get the entire thick- 
ness of the group. The thickness exposed is only about 500 to 800 feet. 
This is due to the fact that the region of the eastern outlying fold was 
above the level of the lake, through the earlier portion of its existence, 
and a portion of its sediments were derived from the erosion of the 
ridge formed by this fold. 

An arm of the lake in the later stage of its existence reached north- 
ward, around the southern end of Absaroka Ridge in Ham’s Fork Basin. 
A second arm extended northward in’ the region of Bear Lake and the 
Bear Lake Plateau. This arm was separated from the first by a long 
narrow peninsula, which now forms the range between Bear River Val- 
ley and Ham’s Fork Basin. During the early stages of the lake this 
was probably a Mesozoic Range, but the rocks. of that age were largely. 
removed by the time the subsidence had carried it down almost to the 
level of the lake. In the Green River epoch it was probably under 
water. The Wahsatch Group, resting on its eastern flanks, is on the 
Carboniferous, and is not very thick. On the Bear Lake Plateau the 
thickness is greater, especially toward the west, and on the eastern 
flanks of the Bear River Range it is still greater; it increases also to 
the southward until it is several thousand feet m thickness. In the 
Bear River Plateau it rests on Paleozoic and Mesozoic rocks, which are 
folded and eroded, and along the Bear River Range the underlying 
rocks are Silurian quartzites. At Twin Creek, near our south line east 
of Bear River Valley, it rests on Laramie sandstones; the latter dip 
40° or 45° to the westward and the Wahsatech 5° to the "eastward. The 
unconformability is about the same along the west side of the Green 
River Basin. All the exposures of Wahsatch in our district are, there- 
fore, near shore-lines of the lake. 

The line that [ have drawn separating the Wahsatch Group from the 
Green River is lithological. All the variegated beds that lie below the 
laminated light-color ed sandstones have been referred to the Wahsatch 
Group and all above to the Green River. 

The softness of the variegated sands and marls has caused them to 
weather obscurely, and wherever they rise on the slopes of a ridge it is 


al Thess already alluded to the probability of a portion of this erosion. having been 
during the latter part of the Laramie. 


PEALE.) RESUME—CENOZOIC ROCKS——-TERTIARY. 637 


difficult to identify the beds except by the color of their débris. Even 
where there is a bluffy exposure the lines of stratification are hard to 
follow. 

Organic contents. 


The materials entering into the formation of the group do not appear 
to be favorable to the preservation of fossils. A few fragments of bones, 
probably Hmys, were obtained from the west side of Green River, above 
Bitterroot Creek. Pebbles of the limestone included in the conglom- 
erates of Station a near Bitterroot Creek yielded a few Carboniferous 
forms. The fossils from Station 14 will be given under the Green River 
Group, as they are probably from the base of that formation. 


GREEN RIVER GROUP. 


The change from the sediments I have included under the Wahsatch 
Group to those I shall now take up is a marked one. Resting on the 
soft variegated beds is a series of light-colored sandstones which are 
followed above by calcareous layers and fissile shales. 

The area between Green River and the Big Sandy is covered with the 
Green River Group until the northern portion of the basin is reached. 
North of the New Fork it is present only as cappings of the mesas that 
stand between the streams. Along the east side of the Green, from . 
New Fork southward, the Green River shales and sandstones form 
bluffs several hundred feet in height. On the west side of the river 
above La Barge Creek the group is present only in isolated mesas. 
South of that stream, however, it is the surface formation rising from 
Green River to the westward and breaking off in bluffs that face Merid- 
jan Ridge. Whenever seen, the group rests conformably on the Wah- 
satch. It is seen dipping with the latter where it rises on Meridian 
Ridge and in the Ham’s Fork Plateau, but when upturned it appears to 
have been very easily eroded, so that it generally ends in a bluff face 
just east 6f the steeper inclination. This often makes it resemble an 
unconformability ; but it is only apparent, for the Wahsatch beds are 
always seen in position beneath the Green River Group, dipping in the 
same direction and at the same angle. As we recede from the line of 
greatest elevation the angle decreases, and that portion of the Green 
River Group which was most inclined has been removed. 

In the Ham’s Fork Plateau the group forms the surface of a shallow 
synclinal which is so slight as to be scarcely noticed between Ham’s 
Fork and the mountain ridge to the westward. The beds here are 
highly fossiliferous and contain, near the top, a layer of bituminous shale. 
In the Bear Lake Plateau we have, just above the variegated beds, a white 
sandstone which may represent a portion of the Green River Group, 
but it is so small that I have included it with the Wahsatch. At no 
point in the district have we the peripheral portions of the group, so that 
we cannot say whether or not there was any disturbance at the end of 
the period. 

Organic contents, 


The Green River shales are highly fossiliferous, and had yielded fossils 
at several localities within the limits of our district previous to our ex- 
plorations. In 1873, Professor Cope found numerous remains of fishes 
on Fontenelle Creek and on the east side of the Green, above the mouth of 
La Barge Creek, and with them he found “insects and their larvee, shells 
like Pupa and Cyrena, and millions of Cypris. The larvve are dipterous, 
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some nearly an inch long, and others minute and in prodigious numbers. 
With them are found stems of plants, but no leaves.” * 

Similar fossils were found on the Big Sandy in 1873 by Professor Corit- 
stock, and invertebrate fossils were obtained from the group just south 
of our line on Hain’s Fork.t 

The best fossil locality visited by us was on Twin Creek, at the eich 
end of the Ham’s Fork Plateau. This has yielded a large number of 
fossil fishes that have been described by Professor Cope in “the Bulletins 
of the Survey. Associated with the fish are large numbers of leaves and 
insects. Of the insects all I collected Professor Scudder thinks repre- 
sent a single species described in the Canadian report for 1877, not yet 
published. He says, “I have not yet given these specimens of yours all 
the attention they require.” 

A few leaves were collected a few miles north of this locality. They 
were leaf of a new species of Myrica, and an involucre of Ostrr ya, DEW 
species. Of these, Professor Lesquereux says, “‘ Both these are referable 
to the Upper Green River Group, which is by the ipleents the equivalent 
of the White River Group. HY 

In connection with Unio Haydent, on Ham’s Fork I found fragments 
of what appeared to be fossilized branches. Professor Lesquereux Says 
one of them has the pith Soren like an Hquisetum. With these occur 
millions of Cypris. 

At the mouth of the Little Sandy, in connection with inven ene 
remains, I obtained fragments of broken and rolled wood, which were 
not determinable. 

The most interesting collection from the group was that of caddis-fy 
cases from near Horse Creek Valley, in the Green River Basin. The 
“vores | in relation to them, by Professor Scudder, is quoted from No. 

2, Vol. IV, Bulletin of the Survey, pp. 942, 543: 


Indusia caleulosa.—In certain parts of Auvergne, France, rocks are found, which, for 
a thickness of sometimes two meters, are wholly made up of the remains of the cases 
of caddis-flies. These have been frequently mentioned by writers, and Siz Charles 
Lyell figures them in his Manual. Oustalet, in his recent treatise on the fossil insects 
of Auvergne, describes two forms,} one from Clermond, and the other from St. Gérand, 
which he distinguishes under the names Phryganea corentina and P. gerandina, princi- 
pally irom their difference in size and strength, and a distinction in the minute shells— 
species of Paludina—ot which the cases are composed. One of them, however, probably 
the former, was previously named by Giebel Jndusiu tabulata, a generic name which 
it would perhaps be well to employ for the cases of extinct Phryganide, until they can 
reasonably be referred to particular genera. 

During the past season, Dr. A. C. Peale, in his explorations under the Survey, dis-' 
covered on the west side of Green Riv er, Wyoming Territory, at the mouth of Lead 
Creek [This should be Horse Creek. When the fossils ' were sent to Professor Scudder there 
was some doubt as to the name of the creck. The locality is Station 14, south of Horse Creek 
and west of Green River], in deposits which he considers as probably belonging to the 
Upper Green River Group, or possibly to the lower part of the Bridger Group. “beds of 
limestone, the upper floor of which is completely covered with: petrified cases of caddis- 
flies, all belonging to a single species, which may bear the name we have applied to 
it above. || They > Vary from 14 to gina in length, from 4 to 5™™ in diameter at their 
open anterior extremity , and from 3 to 3.2mm at their posterior end, the thickness of 
the walls being about 0.75™™, As will be seen by these measurement s, the cases are 
a little larger at their mouth, but otherwise they are cylindrical, taper with perfect 
regular ity, and are straight, not @ightly curved, as in many Phryganid cases. They 

are completely covered with minute, rounded, wate r-wornpebbles, apparently of quartz, 
generally subspherical or ovate, and var rying from one-third to two “thirds ofa a qnilli- 


* Report U.S. Geol. Survey, 1873, 187 A, pp. 439, 440, 

tReport.on Reconnaissance of Northwestern Wyoming by W. A. Jones, 1873, p. 124. 

+ Bibl. Ecole Haut. Etudes; Sc. Nat. iv, art. 7, pp. 101-102. 

§ Ins. der Vorw. 269. 

|| I have since identified the beds as the base of the Green River Group, or possibly 
the top of the Wahsatch Group. 
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meter in mean diameter; they thus give the cases a granulated appearance. Nearly 
all the cases are filled with calcareous material, but some are empty for a short dis- 
tance from their mouth, and in one case the inuer lining of this part of the case has a 
coating of minuter calcareous particles, evidently deposited therein after the case was 
vacated. As the present thickness of ‘the walls indicates (as also the size of the at- 
tached pebbles), the silken interior lining of the case must have been very stout. This 
follows also from the appearance of one “or two which have been erushed ; for they ~ 
haye yielded along longitudinal lines, indicating a parchment-like rigidity in ’the entire 
shell.” In one of the specimens the outer coating of heavier. pebbles has in some way 
been removed by weathering, and has left a scabrous surface, apparently produced by 
minute, hard grains entangled in the fibrous meshes of the web; it still, however, re- 
tains its cylindrical form. 

The size of the case, its form, and the material from which it is constructed, seem to 
indicate that it belonged to some genus of Limnophilide near Anabolia. 


- The following is the list of shells and fish and plants collected during 
the season: 


List of fossils from the Green River Group. 
MOLLUSCA. 


Goniobasis tenera. en Sandy, near mouth of Little Sandy, 


Green River Basin, Wyoming Territory. 


Unio Haydeni. haa! 
Cypris. \ Ham’s Fork above Granger. 
7 FISHES. 
Mioplosus labracoides. 
Mioplosus abbreviatus. 
Mioplosus sp. 2 - | ; 
Dapedoglossus testis. | On Twin Creek, near southern edge of 
Diplomystus humilis. Ham’s Fork Plateau, about latitude 41° 
Diplomystus analis. 50’, longitude 110° 48’, Wyoming Ter- 
Priscacara serrata. ritory. 
Priscacara serrata (young). 
Priscacara pealei. 
Clastes ferox. 
FLORA. 


Branch of Twin Creek, near Sublette’s 
Road, Ham’s Fork Plateau, Wyoming 
Territory. 


Myrica u. sp. 
Ostrya 0. sp. 


BRIDGER GROUP. 


The areas of the Bridger Group are few, and are all limited to the south- 
eastern portion of the district. The largest area extends northward from 
Ham’s Fork toward Slate Creek, breaking off in low bluffs in which the 
sombre clays and sands of the group are exposed. Between the mouth 
of the Big Sandy and the Green, on the east side of the former, there 
are variegated sands and: maris much like those of the Wahsatch Group. 
They are, “however, above the Green River shales, and have therefore been 
referred to the Bridger Group. They weather into Bad Lands. The beds 
of this group were not observed north of Slate Creek. On the east side 
of the Big Sandy north of the Green there appeared to be isolated 
patches of the beds, but they do not extend far to the northward. 
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The isolated character of the beds in our district does not allow us to 


predicate anything in regard to them, and I therefore leave them with 


this brief reference to their outcrops. 
No fossils were collected. 


PLIOCENE DEPOSITS. 


At the end of the early Tertiary period there appears to have been an 
elevation which lifted the lake that had continued from Wahsatch time, 
so that it was completely drained. Accompanying this elevation there 
may have been a depression to the westward. Whatever the conditions 
may have been, itis certain that a large area in the western portion of our 
district was occupied by a lake that did not exist in Bridger time. This 
lake appears to have occupied depressed areas that were ‘probably being 
eroded during the earlier Tertiary time. In Bear River Valley, below 
Bear Lake, as described in Chapter V, there is a series of conglomerates 
and sandstones, with caleareous layers, which are mainly horizontal in 
position, resting on Mesozoic and Carboniferous rocks. Near the middle 
cation of the Bear the Pliocene beds consist of greenish and white shales 
and sands. They incline about 609°, and rest on Silurian limestones and 
quartzites, which dip almost in the same direction and at about the same 
angle as though they had been uplifted at the same time. 

In various portions of Cache Valley, especially on the west and north 
sides, the beds are seen inclining toward the valley, where they are ob- 
secured by the Quaternary lacustrine deposits. Wherever they are seen 
in this region they are disturbed, showing that at the end of the Pliocene 
there was considerable disturbance. 

I have retained the name of Salt Lake Group, given by De Hasales 
for these beds. The southern end of Cache Valley is colored on the map 
published by the Fortieth Parallel Survey as occupied by the Hiuunboldt 
Group. In our district the central portions are filled with later beds, to 


which, for the present, I give the name Cache Valley Group, separating ~ 


from it the Pliocene Salt Lake Group, which corresponds to King’s 
Humboldt Group. On Franklin Butte there are fragments of lime- 
stones that are probably Pliocene, but the rock could “not be seen in 
position. Fossils were obtained from the rocks at several localities. 
The following are the genera recognized : 

Linnea sp. ? 

Planorbis sp.? 

Spherium sp.? 

Valvata sp.? 

Bythinella sp.? 


TERTIARY OROGRAPHY. 


In taking up this subject we find that the facts observed in our distriet 
are very meagre. During the deposition of the sediments of the Wab- 
satch Group, the evidence indicates a continued subsidence, which may 
also have continued during the deposition of the two succeeding groups. 

Along the edge of the Wy oming Mountains the strata of the Wah- 
satch Gr oup dip1 toward the Green River Basin beneath the Green River 
Group, and as far as seen conformably, the angle of inclination being 
from 4° to 10°. Along the Wind River Mountains they are also seen 
to rise, so that they have been affected by an elevation which appears 
to be of later age than that of the deposition of the Green River Group. 
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The Bridger Group is seen only in isolated places, where the underlying 
Green River Group is horizontal, so that it is impossible to say posi- 
tively whether it was involved or not. There is no evidence in our dis- 
trict of disturbance at the end of the Wahsatch, at the end of the Green 
River, nor at the end of the Bridger. The élevation was, however, 
probably before the Pliocene, as the valley of Bear River below Bear 
Lake appears to have been eroded after the elevation of the Wahsatch 
covered Bear Lake Plateau. On the latter the Wahsatch beds show a 
gentle synclinal, and west of it dip steeply from the east side of the 
Bear River Range. Atno point in the Green River Basin did I dis- 

- cover any Pliocene beds, so that the continuous uninterrupted section 
from the beginning to the end of the Tertiary cannot be made from the 
data obtained by us. 

At the end of the Pliocene-Tertiary there was a great disturbance, 
which outlined the areas to ©. occupied by the Quaternary lakes. It is 
hard to say whether the lakes continued from Pliocene into Quaternary 
time, with simply a restriction to smaller areas and changing of their 
outline, or not. If the beds in Bear River Valley below Georgetown 
are Pliocene, and those beneath the basalt near Soda Springs are Qua- 
ternary, it would seem to indicate a period of erosion separating them. 

In Cache Valley it is somewhat difficult to separate the Pliocene from 
the Quaternary, but wherever the former are seen they are always dis- 
turbed, giving evidence of the Post-Pliocene disturbance. 


QUATERNARY. 


In the general section given on p. 612, the Quatenary Groups of the 
district are given, not in the order of age, but according to their geo- 
‘graphical position, with the exception of the drift, which is, of course, 
the latest. It is found impossible to treat the Quaternary formations of 
our district in a more systematic way than to take them up in une order 
there given. 

Dr ift. —In nearly all the valleys and over large areas of canes 
uniformity in level in the district there is spr ead. a thin covering of drift, 
which is generally very local, being derived from the adjacent mountains. 
In Salt River Valley, however, the drift is conspicuous. in the lower por- 
tion and is probably of elacial origin. The Salt River Range and the 
Wyoming Ranges appear to have had glaciers in their deep cafions, and 
at present have immense snow- -banks, that during ordinary seasons do 
not entirely melt. 

Salt Lake Conglomerate.—At various points in the lower valley of Salt 
River, especially on the eastern side, there are fragments of a limestone 
conglomerate, which is horizontal in position. I have included it with 
the Quaternary, although no facts were observed bearing on its age. 

Malade Valley Growp.—The soft sands and marls of Malade Valley 
containing forms of fresh-water shells are probably somewhat more mod- 
ern in date than the similar beds in Cache Valley. 

Cache Valley Grow).—This name I have applied to the soft marls and 
sands which are best exposed in the northern side of the valley and on 
Bear River below the middle cation. They are somewhat variegated and 
horizontal in position. The beds in the central portion of Gentile Valley 
containing Limnea Planorbis and other fresh-water fossils are probably 
of the same age as are also possibly those of Malade Valley just men- 
tioned. 

The soft sandstones seen in the terraces back of Logan : are, I think, 
older, and probably should be classed with the sandstones of Mar sh 


41@s 
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Creek Valley. They incline a few degrees, but this is probably due to 
deposition and not to a movement after their deposition. 
Marsh Creek Group.—These beds as exposed on Marsh Creek above 
Red Rock Gap are very white, friable sandstones, which dip a degree or 
two from the mountains. Farther down the valley they are covered by 
the basalt flow. They are probably older than the deposits I have in- 

cluded under the Cache Valley Group. 

Gentile Valley Group.—Near one of our sub-stations in Gentile Valley 
a coarse conglomerate outcrops, which was horizontal and seemed to be 
older than the soft deposits in the centre of the valley. In the Portneuf 
Canon a similar conglomerate was noted, and also on the east side of 
Cache Valley. These beds I have provisionally designated the Gentile 
Valley Group. 

I have not the space here to enter into any detailed description of the 
groups just mentioned. The reader is referred to Chapters LV and V for 
further details. That all the beds were deposited in fresh-water lakes 
there is no doubt. A view of the valley, in which they are found and 
their fossils indicate this. They represent a part of the great basin of 
which the Great Salt Lake Valley is a part. This fact was long ago 
recognized by Dr. Hayden. In the report for 1870 he says: 


Let us for a moment take a bird’s-eye view of the great inland basin of which Salt 
Lake Valley forms only a part. We shall find that what is termed the Great Basin of 
the West comprises the vast area inclosed by the Wasatch Mountains on the east and 
the Sierra Nevada on the west, the crest or water divide of the Columbia on the north, 
and that of the Colorado on the south. We shall also observe that this great region 
has no visible outlet; that it is composed of a multitude of smaller basins or valleys, 
each of which has its little lakes, springs, and water-courses, their surplus water either 
evaporating or sinking beneath the surface. If we examine the elevations in this 
region, we observe a wonderful uniformity in the surface of the valleys, and find that 
mone of them are much above the level of the waters of Great Salt Lake. (P. 172.) 

LT infer that a vast fresh-water lake once occupied all this immense basin; that the 
smaller ranges of mountains were scattered over it as isolated islands, their summits 
projecting above the surface; that the waters have gradually and slowly passed away . 
by evaporation, and the terraces left to reveal certain oscillations of level and the 
steps of progress toward the present order of things; and that the briny waters have 
concentrated in those lake basins, which have no outlet. (P. 170.) 


The fact that Cache Valley was covered by one of these lakes was first 
indicated by Dr. Hayden in 1871*. To it should be added Marsh Val- 
ley, Gentile Valley, and Basalt and Upper Portneuf Valleys, and, pos- 
sibly, the region of the Blackfoot, although the latter is now completely ° 
covered with basalt. The lake in this latter region probably connected 
with the Marsh Valley lake by way of the Portneuf Cation, while Red 
Rock Gap, or Pass, was the point of structure connecting the lake of 
Cache Valley with that of Marsh Creek Valley. The point of outlet of 
the Marsh Valley lake was evidently somewhere beyond the junction of 
Marsh Creek and the Portneuf River. The axis of the Bannack Range 
probably formed the barrier which, when it was eroded low enough, al- 
lowed the Marsh Valley lake to be completely drained. The latter was 
probably a much shallower lake than that of Cache Valley. After it 
was drained the barrier was at Red Rock Gap. The elevation on both 
sides of the pass is about 5,000 feet or a little less, and the level of the 
lake, as indicated by the upper terraces, was at first about 5800 feet. 
When it reached the level of the Bonneville Beach it was 5,185.7 feet. 
The elevation of the Provo Beach was about 4,825.7 feet; so that when 
the gap was eroded below that elevation, the lake of the Provo level 
was drained from Cache Valley. - 


*Rept. U. S. Geol. Survey for 1871, 1872, p. 19. 
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_In Cache Valley the terraces indicate several periods of comparative 
permanence below the level indicated by the Provo Beach. The fact 
that Red Rock Gap was a point‘of outlet for the lake that filled Cache 
Valley was first recognized by Professor Bradley in 1872, although Mr. 
G. K. Gilbert claimed its discovery in 1876.* It was my intention to 
enter more fully into this question in this report, but the elevations 
have not all been determined yet, and even if they were, the time is too 
‘limited to take it up at present. 'Suifice it to say that, Ist; the terraces 
point to the existence of a lake-having a higher level than Lake Bon- . 
neville; 2d, the outlet of the lake indicated by the Bonneville Ter- 

race was considerably north of Red Rock Gap, probably at the point 
where the Portneuf River cuts across the axes of the Bannack Range; 
od, Red Rock Gap was the outlet when the lake had the level indicated 
by the Provo Beach.t+ 
To treat of the subject fully, the valleys of this region should be care- 
fully studied, which would require an entire season to be devoted to 
them. 
VOLCANIC ROCKS. 


The volcanic rocks of our district are included under one head, viz, 
Basalt. The region covered with it is principally the Blackfoot Basin, 
in which are at “present a number of extinct craters. There are indi- 
cations that there were several flows. In this region the basalt is gen- 
erally horizontal in position, and fills the valleys and depressed portions 
of the basin. 

The craters in the Blackfoot basin were the sources of the flow that 
follows the Portneuf, and below the canon separates the river from 
Marsh Creek. This belt of basalt appears to end before the Snake 

tiver plains are reached, although below the gap that separates Marsh 
Valley from the latter there is basalt. The basalt at Station .81 and the 
surrounding region is evidently older than that of the Blackfoot Basin. 
It rests on Pliocene rocks, which are tilted, appearing to have been 
poured out before the end of the Pliocene period; whereas, in the case 
of the basalt in Marsh Valley, the Quaternary deposits were somewhat 
eroded before the basalt was poured out. Under the heads Blackfoot 
Basin &c., in Chapter IV, the basaltic occurrences are described. We 
have therefore in our district both Pliocene and Quaternary basalt. 
The former appears to have been a flow at the close of the Tertiary, ae- 
companying the orographic disturbances which occurred then. There 
were also two flows during the Quaternary, as indicated by the basalt 
in Portneuf Canon and in Gentile Valley. In speaking of the basalt 
on the Snake River plain and lower portion of the Portneuf River, Pro- 
fessor Bradley says:{ 

Here, again, we encounter basalt, but it seems to belong to a lower layer than that 
we left at Black Rock. All over the great plain, indeed, we find two or more layers 
of basalt, separated by greater or jess thicknesses of sand and gravel, partly loose, 
partly consolidated by ‘ferruginous, siliceous, or calcareous cement. If two layers 
should be found superimposed at any point in the upper part of the cation, I should 
believe that they had resulted from two distinct eruptions from the voleanie source 
before mentioned [in the craters near Soda Springs]. As itis, it is not impossible that 
these layers in the outer plain have been ejected from some central source, have over- 
flowed the plain, and so have run up into the mouths of the valleys opening upon it. 
It seems hardly possible that, after flowing seventy or eighty miles, the lava should 


still have retained sufficient fluidity to spread out in a solid layer over the plain. 
Whatever the source, the material had evidently become quite viscid; for at some 


op *See Amer. Jour. Sci. and Arts, Vol. XV, June, 1878, pp. 439-444. 
tSee Amer. Jour., &c., as above, and Chapter Vof this report. 
t{Repoi U.S. Grol Survey of the Terr. for 1872, 1873, p. 204. 
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points, where it ran over small inequalities of the surface beneath, it now stands in 
low mounds, which would not have been the case if it had been very fluid. That 
these mounds were not all formed by an undermining and sinking of the surrounding 
mass, to which some of them have very properly been referred, is proved by the taper- | 
ing shape of the closely-fitting blocks which form the arch. 

Although I did find two layers of basalt in the upper part of the 
cafion separated, I am still inclined to think that the source of the ba- 
salt in the lower valley of the Portneuf was somewhere in the Snake 
River plain. Dr. Hayden was also of the opinion that the Snake River 
plain was a centre. 

The source of the basalt that separates the Portneuf River and Marsh 
Creek is undoubtedly the craters in the Blackfoot Basin and Basalt 
Valley, as the connection is easily traced through the Portneuf Cafion. 
The craters that are still standing in the Blackfoot and Bear River re- 
gion are very perfect. These basaltic flows extend into Mr. St. John’s 
district, and the reader is referred to his report for details in regard to 
its occurrence there. 


‘ APPENDIX. 


A.—MINERALS OF THE DISTRICT. 
B.—CATALOGUE OF ROCKS. 


dN 
MINERALS OF THE DISTRICT. 


The mineral of most importance in an economic point of view in our 
district is coal, which occurs at three or four localities. Salt is the next 
in importance, beds of this mineral occurring in the Salt River Region, 
which is also full of salt springs. As far as known, there are no mining 
localities in the district, which, as the report shows, is an area of sedi- 
mentary rocks, in which it is not probable that gold and silver deposits 
will be extensively found. The Bear River Range and the Malade 
Range, it is true, are said to have yielded silver-bearing ores, but it is 
probable that the areas are limited and will never become successful 
mining districts. It must be said, however, that comparatively little 
prospecting for ores has yet been carried on. 


LIST OF MINERALS OF THE GREEN RIVER DISTRICT. 


The list of minerals presented is meagre for the reason that time was 
too short to explore the natural cuts for specimens, and there were no 
mining districts within the areas explored by us. 


CALCAREOUS TUFA.—Calceareous tufa was found at all the spring local- 
ities, of which the following is a list: 
Soda Springs.—The specimens at this locality are particularly fine, 
especially those from the Formation Spring. 
Twin Springs, at base of Soda Springs Hills 
Canon of Bear River, in Basalt Valley. 
Gentile Valley, on Bear River. 
Portneuf Canon. 
CALCITE.—In the limestones of the Wyoming, and Salt River Ranges. 
In Preuss Range and Bear River Range. 
CoaL.— Bituminous coal (lignitic), at Twin Creek Mines; Smith’s Fork ; 
Bell’s Pass, between Ham’s Fork and Twin Creek. 
Lignite, on Bear River, above Soda Springs; in Gentile Valley ; 
on Smith’s Fork of Bear River, near the forks of the river. 
FELDSPAR.—Orthoclase in the granites of the Wind River foothills. 
Obsidian in the basalts of the Blackfoot Basin. 
HALITE (common salt), in springs in Salt River Valley and on Smoking 
Creek. At the latter place there is only one spring that is being 
used at the salt-works. Two hundred thousand pounds of salt is 


the monthly yield. 
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HYALITE.—Coating basalts, on Station 81, south of Ross Fork of Snake 


River. 


LIMONITE (pseudomorph after pyrite).—Ridge of Station No. 7 


Bannock Range. 


7 in the | 


Mica (muscovite)—In the granites of the Wind River foot-hills. 


OBSIDIAN.—(See eldspar.) 
ORTHOCLASE.—(See Feldspar.): 
SautT.—(See Halite.) 


B. 


CATALOGUE OF ROCKS COLLECTED IN 1877 IN THE GREEN 
RIVER DISTRICT. 


No Name, &e. 
1 | Gray sandstone (Green River’ Tertiary) ..-.-.-- 
2 | Greenish-gray sandstone (Green River Tertiary) 
3B lcGramitew -- ee caceiasess See pse seat ase tie BEER tase 
4 | White limestone (Green River Tertiary) -.-.-.. 
5-6 | Oolitic limestone (Jurassic) ..----.-----.------- 
7 | Caleareous sandstone (Tertiary)...-...-----.--- 
|) Coralkomaeraniie) sosaes cbeess eco cesoeadescegecsne 
9 | White limestone (Green River Tertiary) --.-..-. 
10 | Conglomerate (Cretaceous ?)....---- -.--------- 
11 | Conglomerate (Wahsatch Vertiary) --.-..------ 
12 Red! limestone (Triassic) -..-------.--------.--- 
13 | Red siliceous sandstone ...--..--.-.------------ 
db || QUBMUMTIG .-oocn o ceasee cosas oasoecsaaatogseoumee 
USS Ise So 56 Sono se coacdadSsu an copoUDeoonee. coc0ne 
18-19 | Scoriaceous basalt ...-.----.-----------------04- 
20=92)"|"Basaltic obsidian 7. - .0=.-ha--sss-5- cscs. oee- 
on PDASA eee cm ack ears emele cela snes tee erro en 
24-25 | Scoriaceous basalt .-...-.-------.--.--------.--- 
26-27 | Green chloritic schist.---.--.--.--..-..--.---.-- 
Ou | MBAS ae haiee ne ne ea care piaeee mermieeine > cease scene 
29-30 | Sulphur and calcareous tufa.--...--..--.--..-.- 
Cae it O10 RSE cet Ses a Serre AABES 4 SoSeeeAar sens aac 
Boo lsaease GO: Sens occaees tose snsche hems see ceeeemones 
BL || DRSIEDY 5 con ncogsonon sce shoossdovaDocsuseDe oes 
B5i i COkG sacteeakts stone cebocosetteeneias tesa ae se eee 
36 | Basalt.......---..-------------------- sadbosasor 
37 | Light-gray fossiliferous limestone (Jurassic) - 
38 | Red quartzitic Sandstonepere-nerer. toe saree 
39 | Bluish limestone (Silurian) 
40 | Brown limestone (Pliocene) 
41 | Chloritie schist (Cambrian). - - 
42 | Blue limestone .......-..--- 
43 | Oolitic limestone (Silurian) - 
44 | Quartzitic shale (Silurian). - 
45) |¥Slave (Silurian) i. cee se telaee eee eei-i-ceceecha. : 


Locality. 


atouth of Little Sandy River. 
0. 
Fremont’s Butte. S 
Near mouth of Horse Creek. 

Meridian Ridge, south of Fontenelle iii! 
Ham’s Fork of Green River. 
Ham’s Fork, east of Oyster Ridge. : 
Ham’s Fork Plateau, near Sublette’s road. 
Smith’s Fork, near the forks. 
Meridional Valley, on Horse Creek. 
Sele Wyoming Peak. 


Do. 
Valley of John Gray’s Lake. 
Blackfoot River, in Hollow Hand. 
Blackfoot Basin, west of river. 


Do. 
Crater in Blackfoot Basin. 


.| Bannock Range, near Station 77. 


Station 86, on crater in Basalt Valley. 

Sulphur Lake, east of Soda Springs. 

Twin Creek mines. 

Divide between Ham’s Fork and Twin Creek. 
Twin Creek mines. 


Do. 
| Nien. 108 (Mount Kimball), Bear Lake Pla- 
eau. 

West of Station 108 (Mount Kimball). 
Station 117, in southern extension of Portneuf 

Range. 
Cafion in Bear River Range, back of Smithfield. 
Bear River, near Gates, in Cache Valley. 
Five-Mile Caiion, west side Cache Valley. 


_..| Station 131, north end Cache Valley. 
-| Below Station 133, head of Marsh Creek. 


Do. 
Do. 


BPAwH® Et. 


EAS lO eS id wage is VC 


REPORT OF A. D. WILSON, CHIEF TOPOGRAPHER. 


LETTER OF TRANSMITTAL. 


OFFICE OF THE UNITED STATES GEOLOGICAL AND 
GEOGRAPHICAL SURVEY OF THE TERRITORIES, 
Washington, D. C., March 24, 1879. 


Sir: I have the honor to transmit herewith my sea on the primary 
triangulation carried on during the seasons of 1877 and 1878. 

Having completed the computations of the work of 1878 in time for 
this report, I determined to combine the reports for the two seasons in 
one. 

I give only a running account of the field work, time not permitting 
me to give any detailed description of the country, but I hope circum- 
stances will allow me to do so in the next report. 

During the field season of 1877 I was accompanied by Ernest Inger- 
soll and William Shippen as general assistants; Harry Yount and John 
Stewart, packers. During the season of 1878, by A. C. Ladd, assistant ; 
Harry Yount and Clarence Kelsey, packers, and Joe Foster as cook. 

Hoping that the accompanying report may meet with your approval, 
I am, very respectfully, yore obedient servant, 

A. D. WILSON. 
Chief Topographer. 
Dr. F. V. HAYDEN, : 
United States Geolog gist in Charge. 
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REPORT ON THE PRIMARY TRIANGULATION OF 1877 AND 1878. 


By A. D. WILSON. 


In the spring of 1877, having completed the work in Colorado the 
previous season, it was determined that the survey should be carried 
north into Wyoming. The belt of country lying along and including 
the Union Pacific Railroad had been surveyed and mapped by the 
*« Geological Exploration of the Fortieth Parallel” under Clarence King. 
Therefore the work was commenced at the northern line of this belt at 
Fort Steele, and thence carried north and west, including rectangles Nos. 
45, 06, and 57, included between longitudes 107° and 112°, and from lati- 
tudes 41° 45’ to 44° 15’. ‘ 

Three topographical parties were sent out; to each was assigned a 
rectangle. Mr. Chittenden was given rectangle No. 57, which he nearly 
completed; Mr. Gannett had No. 56, who completed his section; while 
Mr. Bechler had No. 45. This rectangle included so much high and diffi- 
cult country, and Mr. Bechler being compelled to leave the field earlier 
than he would have done on account of the Indian troubles, he did not 
finish more than half of this section. 

The parties were all fitted out at Cheyenne, Wyo., and then shipped 
along the railroad to the most convenient points to their work ; my party 
stopping at Rawlins, Mr. Chittenden’s at Salt Well, Mr. Gannett’s at 
Green River, while Mr. Bechler’s weut through to Ogden. The primary 
triangulation was, as usual, placed in my charge. Arriving at Rawlins 
Springs May 31, I established my camp about two miles out of town, at 
Cherokee Springs. After reconnoitering the country in the vicinity of 
Ttawlins, I selected a place west of the town, between Separation and 
Cherokee Peaks, as the most favorable spot on which to measure a base- 
line from which to start this work. Although the ground was not all 
that I could have desired, it was the best that could be found in the 
vicinity, nor was there as much room as I wanted; but owing to the 
favorable conditions it offered for connecting with the mountain peaks, 
I selected it in preference to any other that I could find. 


MEASUREMENT OF THE RAWLINS BASE-LINE. 


The central portion of the line as selected lay along a “tangent” of 
the railroad, and the remainder extended over a sage-brush flat where 
there was considerable brush; and the ground being full of small hum- 
mocks, I determined to measure the portion lying along the centre of 
the track, which was about one mile in length, and to expand by means 
of signals placed so as to form nearly equilateral triangles, and in this 
manner extend the base either way as far as the conditions of the surface 
would allow. 

The line was measured along the centre of the track with a fifty-foot 
Stackpole compensated steel tape: this tape was compared with a Ches- 
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terman steel tape which had been compared with the Coast Survey 
standard at different temperatures, and was not used except as a — 
standard. The comparisons were made before and after each measure- 
ment of the line; in this way the stretch of the tape was obtained. The 
‘line was carefully measured three times, using low stools to raise the 
tape from the ground, and fine steel pins as markers. 

The variation between the three measurements was one and one-half 
inches ; ; a mean of these results was taken as the true length, after 
correcting for slope, temperature, and stretch of tape, and reduction to 
sea-level. The mean error of closure of the triangles used i in expanding 
the base was five and three-tenths seconds. The triangles being so 
nearly equilateral and the distances so short, error was hardly percepti- 
ble. In this manner the line was expanded to a length of three miles. 
Taking this as the base, also using the point of expansion, the work 
was farther expanded to Cherokee, Rawlins, Separation Peaks, and 
Mount Steele, signals having been previously placed on these points, 
thus expanding the base to a length of nearly twenty five miles, with an 
average error of closure in the triangles of 8.8. This I considered a 
very fair result under the cir cumstances, as the instrument used was only 
an 8-inch circle, graduated to ten seconds; besides, we were troubled 
by heavy cold winds nearly all of the time while engaged on this work. 

Leaving Rawlins on June 11, we marched northward to the Seminole 
Mountains, where, on the 13th, I made a station on the highest point of 
the range, to which we gave the name of Seminole Peak. "Thence flank- 
ing the mountains on the south, we marched westward to Whisky Peak, 
a point just west of Whisky Gap, where I made another station. From 
this point we continued, crossing a rolling, grassy country swarming 
with elk, deer, antelope, ‘and now and then a few stray buffalo would 
be seen slowly strolling over some distant hill. 

_ Our next point was Yellow Butte, where a day was epenes in taking 
observations trom the peak for the triangulation, and azimuth observa- 
tions were taken at camp during the evening. 

Resuming our march the following day, we proceeded to Camp Stam- 
baugh, where a fresh supply of provisions had been shipped with other 
necessary outfit to enable us to continue our work. 

Leaving Stambaugh on June 21, we marched along the southern foot 
of the Wind River Mountains until we reached the western fork of the 
Sweetwater. Following up this stream as far as we could conveniently 
with the train, we camped for the night. Leaving the camp here I 
took a small outfit, with provisions, blankets, and instruments, con- 
tinued up the stream, and with some difficulty reached a point near the 
pass at its head, where we found further progress impossible with ani- 
inals on account of deep snow, which filled the valley from this point 
upward. Leaving our animals here, I proceeded on foot, accompanied - 
by Ernest Ingersoll and Harry Yount, to ascend Wind River Peak, the 
highest point j in this portion of therange. After a very fatiguing climb 
through the snow for about five hours, we reached the summit only to 
find the wind so strong and so intensely cold that it was impossible to 
set up the instrument ¢ or do any work. Thusall of this hard climb was 
only for nothing, returning to our camp by nightfall well-nigh exhausted. 
During the night the storm broke and continued for two days, com- 
pelling us to lay by until it was over. 

On the morning of June 27, the weather being clear, I started by 4a. 
m., accompanied this time by William Shippen ‘and Harry Yount. The 
snow being hard enough to bear us up, we made good time, arriving on 
the summit before ten o'clock; and the weather having settled some- 
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what, we soon got to work, and I succeeded in getting a very good set * 
of angles to all the surrounding points, except to the north and north- 
east, where the clouds hung so low that the points were hidden ; but as 
these points did not come within the area to be surveyed that season, I 
concluded not to climb this point again at that time. Looking down 
from this point upon the great field of snow, I suspected (what proved 
to be true the following season) that there were living glaciers in some 
of the amphitheatres at the head of the catons, which were at that time 
so concealed by fresh snow that they could not be readily distinguished 
at a distance. We found the descent in some places even more fatiguing 
than the ascent, as the snow had softened under the noonday sun so 
much that we often fell in up to our arms, and in scrambling out we 
gradually became wet, until we were well soaked by the time we reached 
our bivouac; but once there we soon saddled our mules and returned to 
our main camp by nightfall. 

The following morning, June 28, accompanied by Harry Yount, I made 
the ascent of West Atlantic Peak and took a set of observations, which 
completed my work on the southeastern end of the range. 

The morning of the 29th found us traveling on westward skirting the 
foot of the mountains through a snow-storm, accompanied by a heavy, 
cold west wind, making it very disagreeable traveling, especially as it 
came fair in our faces; nevertheless we made about 20 miles, camping 
for the night on the Big Sandy. 

The following day we continued our march, keeping near the foot of 
the great granite plateau which here flanks the range, here and there 
crossing some projecting moraine which extended out into the valley, 
but the next day brought us fairly into the great morainal region along 
the head branches of the New Fork of Green River. . Here the glaciers 
appear to have reached their maximum size, and are the finest exam- 
ples of the kind that I have ever met with anywhere in the West. 
Crossing these ridges of granite débris, we found here and there some of 
those beautiful glacial lakes which lay imbedded between those great 
moraines, rising in some places to a thousand feet above the lakes, and 
extending six to seven miles beyond the foot of the plateau into the 
valley below. ‘The glaciers here must have been from twenty to twenty- 
four miles long, extending from the summit of the range across the 
plateau and far in the valley below, scooping out the great basins which 
are now occupied by the lakes as it poured over the edge of the plateau. 

Leaving my camp by one of the lakes at the foot of the plateau, I took 
a pack-mule with supplies to last two or three days and started for the 
point I then took to be Frémont’s Peak. Following up one of the mo- 
rainal ridges we reached the plateau, which we found covered by snow 
to a considerable depth. After a hard struggle through several miles of 
snow-covered granite boulders, we reached a point near the foot of the 
peak where we found a small spot from which the snow had melted off. 
Taking advantage of this, as it offered some food for our animals, we 
camped for the night. 

The following morning, July 3, we were off on foot by the break of 

‘day for the peak, reaching the summit by nine o’clock. I was soon at 
work and by noon had finished the observations that were wanted from 
this point. Having a more comprehensive view of the country from 
this point, I concluded that I had been mistaken as to this being Fré- 
mont’s Peak, and came to the conclusion that it was a point some eight 
or nine miles to the north. But the intervening country was so deeply 
covered with snow that it would be almost impossible to reach it at 
that time of year. 
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Having finished the work, we soon, slid down the mountain to camp, 
and packing up in haste. we started for our main camp; the trail being 
broken, we made good time, reaching camp in time for a splendid supper 
of lake "trout and roast venison. 

My next point being the highest peak in the Grosventre Range, we 
continued our course along the foot of the range, keeping close under 
the mountains to avoid the large streams, as the snow was melting pretty 
fast and swelling the streams until even the smaller branches were 
becoming difticult to Cross. 

The thir d day’s march brought us to the foot of Grosventre Peak aii 
early in the day, and, being able to camp very near the point, I ascended 
the peak and had a fine afternoon for work. ‘The weather was both calm 
and clear. This we considered a great treat, as we had not been so fortu- 
nate on any of our higher points before. The weather up to this time 
had been very cold and windy nearly all of the time. 


It was my intention to have continued toward the northwest, and wa 


make a station on the Grand Téton; but I found that it would be 
almost if not quite impossible to cross even the larger branches of the 
Snake River, to say nothing of the main stream, which is generally hard. 
to ford even when the water is low. I determined, therefore, to turn 
toward the southwest and in that way avoid the large streams until 
later in the season. 

Crossing the basin of Hoback’s River, we made a station on a peak of 
the same name near the northern end of the Wyoming Range; thence 
keeping along the eastern part of the range toward the south. I as- 
cended Wyoming Peak, a fine conical- shaped mountain near the south 
end of the range and. the highest poit. Continuing southward, we 
struck the old Lander road, which we followed toward Fort Hall. Mak- 
ing a station on Caribou Mountain on the way, we arrived at Hall on 
the 20th of July. Learning here that it would be impossible to cross the 
Snake River and reach the Téton Range without going far out of our 
way, I thought best to abandon my idea of reaching that portion of 
the country until another season, when it could be reached without the 
loss of so much time. After replenishing our supplies here, we turned 
our steps southward. Making astation on Mount Putnam, we continued, 
by way of Soda Springs, to a place called Georgetown, in Bear River 
Valley, lying between Mount Preuss and Soda Peak. Here I selected 
a smooth grassy valley in which to measure a second base, or base of 
verification. After selecting the place, I staked out the lme and had 
all the sage brush, tall weeds, and grass remoyed, so there should be no 
obstructions an the way. The measurement was conducted in the same 
manner as tho first base. The line was about two miles long, and was 
measured. oe times as before; the difference between these three 
measurements was one and two-tenths inches; the mean cf the meas- 
urements was taken as correct after reducing for slope, temperature, and 
stretch of tape, and the final result reduced to sea-level. Expanding as 
before by means of signals placed on some adjoining hills, the distanee 


between Mount Preuss and Soda Peak was determined, thus obtaining , 


a line about fifteen and a half miles long. The mean error of closure in 
the triangles used in the expansion was ten seconds. The two points 
thus connected were points that had already been used or selected as 
stations during the progress of the former work. This work had oceu- 
pied us some seven or eight days; after its completion we moved on 
southward, making stations on Paris and North Logan Peaks. Return- 
ing from the latter point to Bear Lake, we followed up the river to Evans- 
ton, where I connected the triangulation with a latitude station made 
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at. this point by the boundary survey of Wyoming; also made a sta- 
tion on Medicine Butte, thus connecting with my former work under 
Clarence King in 1871 and 772. 

From Evanston we marched eastward by way of Fort Bridger na 
Green River City to Pilot Butte, another one of my old points. “Here I 
spent two days, owing to the smoky condition of the weather, in obtain- 
ing the necessary sights. 

We next visited Black Butte, also one of my former stations; thence 
returning to Rawlins. I revisited Separation Peak to obtain sights to 
Wind River and Atlantic Peaks, not being able to see these points on my 
first trip, as they were covered by clouds. Remaining on the point all 
night, L succeeded after sunset and before sunrise in obtaining the re- 
quired observations. 

After taking another set of azimuth observations from camp under 
Rawlins Peak, I started my party for Cheyenne, there to be disbanded 
for the season. Taking my theodolite, I took the train for Ogden, where 
I connected the triangulation through Ogden and Willard Peaks with 
the observatory established there by the Geographical Survey West of 
the One Hundredth Meridian, under Lieut. G. M. Wheeler. I also con- 
nected the work through the triangulation of the Geological Exploration 
of the Fortieth Parallel with the astronomical station made at Salt Lake: 
City by the Coast Survey. 


REPORT ON THE PRIMARY TRIANGULATION OF 1878. 


‘Headquarters of the survey was at Cheyenne, as it had been the 
previous season. The parties were fitted out as before, and shipped to 
their respective points of departure. Mr. Jackson’s party was shipped 
with mine to Point of Rocks station, on Bitter Creek, where we arrived 
on the morning of July 26. The day was spent in putting our luggage 
and supplies in shape for transportation on the mules. 

‘The following morning, after the usual amount of trouble to get under 
way, we started northward toward the Wind River M ountains, continuing 
our course without interruption until we reached the eastern branch of the 
Little Sandy on the forenoon of July 29; here we halted to observe the 
total eclipse of the sun, and we were very fortunate in having a splen- 
didly clear day. The only observation we took was on the time of to- 
tality.. I observed with the telescope of my transit, Mr. Holmes with 
the smaller glass of the gradienter, and Mr. Hecles with a ered glass. 
I made the time of totality 2 minutes 274 seconds; Mr. Holmes, 2 min- 
utes 27 seconds; while Mr. Eccles made it minutes and 26 seconds. 

It is not my intention to attempt here any description ef the scene, 
but will simply say that it was very interesting, and the effect quite 
curious on all who observed it. 

The next day we reached the foot of the Wind River Mountains, 
where we left the greater portion of the party to await our return. We 
started on the morning of July 31, following up the west branch of the 
Sweetwater, as we did the previous season, but finding that the snow 
had all disappeared from the pass, we crossed the pass and followed up 
a branch of the Big Popo Agie, and camped by a small lake near the 
southeastern foot of the peak. . 

On the morning of August 1 we took an early start, and being able 
to.ride to within a thousand feet of the summit, tying our animals to 
some large rocks and shouldering our instruments, we soon reached the 
top of Wind River Peak. Looking down toward the northeast, we saw 
plainly before usa very fine specimen of a living glacier; this I had 
suspected the previous season, but at that time could not determine the 
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fact without a more careful examination, owing to the whole surface 
being covered with a heavy coating of fresh snow. While we were tak- 
ing our notes, Mr. Eccles descended to this ice field and examined it. 
very carefully, pronouncing it a well-defined glacier. The day being a 
very fair one, I succeeded in obtaining a good set of observations, but 
was not able to get sights as I had hoped to do to the peaks in the Big- ~ 
horn Mountains; these points being between 150 and 160 miles distant, 
the smoke or haze obscured them, yet under favorable circumstances 
they are visible. On my first visit in 1877, when the weather was too 
cold and windy to take any observations, I could clearly distinguish 
every point in the range; but it is seldom that the weather is so perfect 
that such long sights can be obtained. I have often found that such 
long sights could be observed just before sunrise or just after sunset, as 
the case might be, when the points were projected against a bright 
luminated sky, while the shaded side of the mountain presented a very 
dark appearance, thus bringing them out in bold relief; but as this is 
a very inconvenient time to be on the high peaks, one can seldom take 
advantage of this fact except from the more accessible points. Com- 
pleting our notes and sketches, we soon descended to our camp by the 
lake. During the day Mr. Jackson had taken some excellent photo- 
graphs of the mountains and lakes surrounding the camp. 

The next point that I wished to visit being Frémont’s Peak, after re-, 
turning to our main camp, we followed very nearly the same course as 
the previous season, along the foot of the range until we reached Fré- 
mont’s Lake. Here we left the greater portion of the party, and taking 
a small outfit, only sufficient to last us three or four days, we followed 
along the eastern shore of the lake for some distance, when we turned up 
to the right. Taking the ridge, we found very easy traveling until 
approaching the mountains, where we began to find our way obstructed 
to some extent by granite boulders, and between them the soil was wet 
and marshy. Working our way along for some distance we came to a 
lake surrounded by steep granite slopes which we could not pass with 
our animals, compelling us to halt. Camping here for the night, we made 
all necessary preparations to attempt the ascent from this point on foot. 

About three o’clock in the morning of August 7 the cook called break- 
fast and the’ boys were soon out and by four were off for the peak. 
After a very tiresome walk over the rolling granite ridges, and scram- 
bling around the glacial lakes, here and there impeded in the great 
granite basins formed by the ancient glaciers, we reached the foot of the 
main peak. From this point to thesummit there was nothing but steady 
climbing over granite débris for about 3,000 feet. Reaching the summit 
about 10 a. m., we found no signs of any one having visited this point 
before; but I am of the opinion that this is the point that Frémont 
ascended in 1842, while executing his exploration across the continent 
at that time, judging only from his description of the country. From 
the top we looked down on quite a fine glacier which lay at the north 
foot of the peak and stretched off to the northeast for some distance, 
while other smaller specimens could be seen hanging in the heads of the 
surrounding cailons. 

Completing our work, we retraced our steps, reaching camp just before 
dark considerably fatigued, but well pleased with the results of our 
day’s work. The next day we returned to our main camp, where we 
remained over a day to enable Mr. Jackson to take some photographs of 
the lakes in the vicinity. 

From Frémont’s Lake we marched northwest across the Green River 
Basin to the head of Hoback’s River, which we followed down to Snake 
River; thence up the latter to the mouth of the Little Grosventre. Leay- 
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ing the other parties to continue up the river, I crossed over to the west 
side, thence by way of Téton Pass to Pierre’s Hole, continuing north- 
ward until we reached Téton Creek; turning short to the right, followed 
up the stream some distance, camping near the head of the open valley, 
which here extended two or three miles up the stream from the main 
valley below. Herel leftthe train with twoofthemen. Taking one pack- 
mule loaded with the instruments and sufficient supplies to last three 
or four days, started for the peak, accompanied by A. C. Ladd and 
Harry Yount. We succeeded in reaching the plateau west of the peak, 
which is considerably above timber-line, without any difficulty. We 
traveled along until we were cut off by a deep and very abrupt cafon. 
We might have taken our animals down to the bottom of this cation if 
the pass had not been blocked by a heavy bank of snow. Finding our- 
selves blocked, we turned toward the south into a basin where we found 
grass and timber enough to camp by. Here we were delayed two or 
three days by a heavy rain and snow storm which we found very disa- 
greeable, camped as we were on the side of the mountain exposed to 
the west winds.’ While we were thus delayed by the storm, I took ad- 
vantage of a short lull by climbing to the edge of the plateau-like ridge 
to the southeast of camp. I obtained a very fair view of the peak and 
its approaches. While thus employed I looked down upon a bank of 
snow just below me, and there saw four grizzlies playing ‘hide and go 
seek” among the crevasses. Getting myself in a good position among 
the rocks, so they could not see me, [ fired three or four shots at them,, 
killing two of them; but finding that I had but one cartridge left, and. 
two bears, I thought discretion the better part of valor, and slipping down: 
on the opposite side of the rocks, “lit out” for camp. st 
On the morning of August 20, finding the weather very clear and 
beautiful, with a bright moon shining, we were up and off before day-. 
light. Climbing to the top of the pass, we could then see what was be-. 
foreus. First, we had to cross a calon that was some 1,500 feet deep,, 
and then cross a spur which juts out south of the main peak, before we- 
-could really begin the ascent of the peak proper. We soon scrambled. 
our way down to the bottom of the cation, but not so soon did we reach: 
the ridge beyond; the slope being very steep and the débris which com- 
posed it very fine and loose, it would slide from under our feet, making 
it very tiresome, especially near the top of the ridge. Reaching the top: 
in a deep notch, we soon climbed down over a bank of névé snow and. 
out on a small glacier, which filled the amphitheatre, or basin, at this: 
point. Crossing this quickly, we found ourselves face to face with the: 
peak itself, and it did look as if it would be almost impossible to climb: 
to any height on this peak. We halted a minute to examine the ground: 
ahead. I concluded to follow up a long slide which came from the south-. 
west side of the peak; this would enable us to reach the saddle on the- 
main ridge. So we proceeded to scramble our way over this great loose 
mass of angular boulders of granite, first giving strict orders that the 
others were not to follow in line, as it would be impossible to prevent: 
the boulders rolling from under our feet with all the care that was pos-. 
sible. After about one hour’s hard climbing over this débris slope, 
we found ourselves on the saddle, where we halted again for a moment: 
to take a look at the peak from that side. [found that from this point: 
there was a sort of hall-way, leading nearly to the summit, with nearly 
vertical walls of granite on either side. These walls extended below 
thé saddle on either side, thus compelling us to follow this path, although 
very steep and in many places worn smooth by the snow slides which pass: 
down this channel every spring. Taking the lead, as before, I climbed 
along, carrying my transit with but little difficulty for some distance, 
4268 Ns 
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until I came to a place where the rocks were well polished and standing 
almost vertical; but, not daunted, I started up, finding here and there a 
finger-hold ora crack in which I could stick my toe; finally reached a place 
where there was good footing; here I waited ‘for my two companions, but — 
had not waited lon g when.a ery of ‘‘ Help” came from one of them. JIim- - 
mediately crawled out en a jutting stone, and, looking down, I saw, about 
40 feet below, one of them clinging to the face of the bluff, reminding me | 
of a starfish hanging to a breakwater. He had gotten himself in such a- 
position that he could neither get up nordown. Casting him the end of 
the rope, which he caught, and, thus aided, he was soon up with me. 
Another lift or two, the climbing became better, the rocks becoming 
more broken, thus offering better hold for hand and foot. We were soon 
up to the notch, which is formed by the two walls as they cross the peak; 
but, much to our chagrin, we could find no means of getting up the one 
to our right, which we must do to reach the high point. ‘At the lowest 
point this wall is about 40 feet high, and is a smooth vertical wall of 
granite, without a break anywhere that a man could possibly crawl. up. 
‘Thus we found ourselves completely blocked within a few feet of the 
top, after a long and tiresome climb of nearly 5,000 feet on foot. Turn- 
ing to the left, we climbed to the top of the western point, where we 
found a circular inclosure of rocks, such as are often found on many of 
our Western mountains, evidently built by Indians; also a pile of rocks 
with a stick stuck in its center, left by some white man; the former very - 
ancient, while the latter had been left there only a few years. These 
two marks told the whole story; evidently the builders, like ourselves, 
chad been unable to reach the highest point. From this point I could 
see the opposite wall from top to bottom, but at no point could I dis- 
cover a break, much to my disappointment. Now for the first time, 
after climbing hundreds of peaks during my twelve years of experience, 
Iwas compelled to give up reaching the summit, at least from that side. 
It is just possible that the top might be reached from the southeast; 
‘but it would have taken us several days to go back and recross the 
range and approach the peak from that side. I thought best to make - 
the best of my present opportunity. Therefore I set up my instrument 
:and took what observations [could. These being reduced to centre, they 
enabled me to connect the work northward. I determined to continue 
northward, trusting that 1 might have an opportunity of trying the 
ascent of the peak later in the season when on my way back. ‘Com- 
-pleting my observations from this point as quickly as possible, we com 
‘menced to retrace our steps, and did not find it much easier than the 
ascent; especially when we came to climb out of the cation we found that 
we were well-nigh exhausted; but at last we reached our side camp, 
and, as we had eaten our last provision in the morning, we determined to 
try and reach our main camp. We packed up in a few minutes and 
started down the mountain, reaching camp some time after dark, and 
greatly to our delight we found the cook had prepared a good supper 
for us, having anticipated our return. 

The following August 21 found us on our way toward Sawtelle’s Peak. 
Marching toward the northwest over a rolling grassy valley, we crossed 
Henry’s Fork just below the Big Bend, thence following up the valley, 
which we found heavily timbered for some distance, but finally we struck 
the stream again where the valley becomes more open. There the stream 
flows along in its gentle winding course, filled with great white swan, 
geese, ducks, and other water- fowl, while the valiey was full of sand-hill 
cranes. Hach making its peculiar noise created a great bedlam of life in 
this wild and lonely place. 

On the evening of August 24 we reached the valley of Henry’s Lake, 
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and camped at its lower end. The following morning, leaving camp 
where it was, we rode to the top of Sawtelle’s Peak, and having one of 
those magnificently clear days, I obtained a splendid set of angles to all 
the points that are visible from this peak. While I was taking my 
notes, Harry shot a fine mountain sheep, which we loaded on the mule 
that carried the large transit, and returned to camp just before night. 
After dinner we were lying about the fire, smoking and talking, when 
suddenly, all unconscious of any approaching danger, some shots wert 
fired just behind us, and as quick as a flash we all drooped to our hands 
and feet and crawled for our rifles, some one calling out “Indians.” 
Just as I picked up my rifle I heard our stock start off on therun. I 
knew at once that we were left on foot beyond all redemption, as the 
Indians were on horseback and already had the start of us. We re- 
mained in camp some time, but finding that the Indians still lurked 
about, I came to the conclusion that they intended giving us another 
trial at daylight, and as there was nothing to be gained by keeping the 
camp, as we could take nothing away except what we could carry on 
our backs, at the same time the camp was in an exposed position, there- 
fore I determined to crawl out to some woods, where my little party of 
five, with our four guns, might stand a better chance if they should find 
us. Gathering up what was necessary in the way of provisions and 
blankets to last us three or four days, and taking our guns and ammu- 
nition, we started, first caching the instruments. Crossing the river, 
we felt our way along to the woods, where we lay down foranap. As 
I had suspected, just at daylight the Indians fired into the camp, evi- 
dently to see if we were there. As soon as it was fairly light, we 
started along, striking for the Lower Geyser Basin, where I hoped to 
intercept one of our parties. If we failed in this, we would have to go 
to the Mammoth Hot Springs, a distance of 150 miles. After walking 
‘some distance, we succeeded in reaching a point from which we could 
see our camp. I could see with my field-glass that the camp had been 
demolished; also saw two Indians on horseback apparently looking for~— 
our trail. After a long, tiresome walk over the plateau, we were com- 
pelle: to camp dry, not being able to find any water. Next morning 
~ we started just before daylight, hoping to reach water before it got hot. 
We had just started when a meteor shot across the cafion out of which 
we were climbing, lighting up the whole heavens as bright as noonday 
sun, and shortly after there came a peculiar sound very nearly like 
thunder, yet very different. Not suspecting anything of the kind, I did 
not take the time between the appearance of the meteor and the sound, 
which would have given me the distance of the meteor. After three 
days’ hard walking we reached the Upper Geyser Basin, where we found 
Dr. Hayden and some of the other parties. 

Procuring three mules, two riding and one pack, from Mr. Jackson’s, I 
started back the next morning, accompanied by faithful friend Harry 
Yount, to rescue the instruments if possible. Reaching the camp about 
noon the second day, we found everything scattered and torn up; all the 
provisions, blankets, and many other things had been carried off. But 
fortunately they had not found the instruments that we had hidden. 
Loading our one pack-mule with instruments and a few other things 
that we picked up about camp we started back, and on the evening of 
the third day reached the Geyser Basin again. 

Joining Mr. Jackson’s party, we proceeded to Heart Lake, where he 
photographed the geysers, while I made a station on Mount Sheridan. 
From this peak we had a splendid view of the whole Park, with its 
many crystal lakes embedded in the black-green forests which cover 
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nearly the whole surface of the Park. All could see the great rows of 
snow-clad mountains which surround the Park nearly on all sides. 

Leaving Heart Lake on the morning of September 7, we pushed our 
way through to Bottler’s ranch, on the Yellowstone, in four days. Mr. 
Eeeles had left his small outfit of mules here for me. Obtaining, besides 
these, two or three mules from Messrs. Jackson and Gannett, I was able 
once more to resume my work; but much valuable time had been. lost, as 
the snow would soon close down on us. 

Returning to the Mammoth Hot Springs, I found General Miles and 
party. He had encountered my friends of August 25, killed eleven and 
captured some thirty-five, besides a large herd of horses and mules, 
losing two men in the fight. After occupying Electric Peak, I moved . 
southward, making a station on Mount Washburn with much difficulty, 
owing to a heavy snow-storm which caught us near this point. The 
whole Park was now covered with from six inches to a foot of snow 
(September 24), while on the mountains it was much deeper. After the 
storm, we continued southward up the Yellowstone. Passing the lake 
on the eastern side, we continued up the Upper Yellowstone nearly to 
its head, hoping to make a station on Yount’s Peak, situated at the head 
of the river. But here we were caught in another heavy snow-storm, 
which blocked us completely from any further work in that portion of 
the country. Finding myself thus blocked, I determined to get out be- 
fore it would be too late to cross the range. 

Marching by way of Two Ocean Pass thence southward by way of 
To-gwo-tee Pass, we came out in the valley of Wind River after five 
days of hard struggle through the snow, timber, and rocks; following 
this valley to Camp Brown, thence by forced marches to Rawlins on the 
Union Pacific, but not without another storm, which caught us the last 
day, while marching across the open country between Whisky Gap-and 
Rawlins. This was one of the worst snow-storms I ever encountered ; 
the wind was blowing so hard that one could not see hardly twenty paces 
ahead, and the cold was intense. We finally reached the station just 
before dark, nearly frozen and well-nigh exhausted. 

I was in hopes of visiting Fort Steele and making another connection 
with the astronomical station made there by Lieutenant Wheeler’s sur- 
vey; but the storm had been so severe and the weather continued cold 
and windy, I determined to close up for the season. Loading every- 
thing on the cars, we arrived in Cheyenne on the 17th of October, and 
soon after were on our way to Washington. 

The accompanying map shows the “positions of all the stations that 
were occupied, also some of the more prominent points that were located 
by foresights, while the accompanying tables give the latitudes, longi- 
tudes, and elevations so far as known, also azimuths and distances 
between the different peaks. Monuments were built on all of the occu- 
pied points. 

The area covered by the triangulation of the two seasons was about 
39,000 square miles; within this area there were forty-five points well 
located, besides some secondary points that are not given here, but 
have been used in the construction of the maps. - 

Azimuths were taken at various points and carried through from one 
point to the other, thus checking each other. The method of adjust- 
ment was essentially the same as used in the Colorado work, given in 
the report of 1876. 

‘When the two bases were connected through the triangulation, there 
was found to be a difference of nearly one foot per mile. This difference 
is undoubtedly due to the connection across the Green River basin, 
where, owing to the lack of points, I found it very difficult to obtain 
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well conditioned triangles, and the distance being so great, the haze of this 
great plain played an important part. 

The latitudes and longitudes are based on the United States Coast 
Survey station at Salt Lake City, checked by that of Lieutenant 
Wheeler at Ogden, the two checking each other very closely. I was 
in hopes of carrying this work eastward and connecting with the United 
States Coast Survey station at Sherman before publishing this work, 
but, owing to the unavoidable delays, I was unable to accomplish this 
during the past season. 


A list of primary triangulation stations, with their latitudes, longitudes, 
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and elevations above sea-level. 


: . Eleva- 
Latitudes. | Longitudes. ane 
(e) 7 ul (@) / “ Feet. 
East end of Rawlins base-line ..........--.. Al 25 23.4]! 107 18 15.0 6, 800 
West end of Rawlins base-line........---..- 41 46 16.5 | 107 21 30.6 6, 800 
anys Oakes ee seen a eos See eee eee ANP AS TASS tO AO AS ON eee eee 
@herolsees Peaks Verse wale sects Joes cc ANT abe) || TRO TI) ARS Waeeaine cece 
SepalailOnmnedicwns sents iassesaccse slesseae 41 38 14.4] 107 23 53.5 8, 500 
LU VEnI S@210. oe ARSE Cae ame Been 41 50 14.8 | 106 59 59.6 7,770 
Rattlesnake Peak........-- pete Beanery eas ah 42 10 01.7 10703035: OL hee eee 
Seminole Peaks -a-jissccen s- s oes bode eee 42 15 23.5 | 107 14 30.0 9, 930 
NWihtskeyn Peakeoc0 . os See ck soc dials cwlesicieme oe 42 18 36.7 | 107 34 34.5 9, 273 
PONO WME UUtOles cis caciccc nc cnicesoe~ cewss acne 42 16 05.3 | 108 43 18.0 8, 456 
BB laekMB it tOiesss cease sieniseeross ceeeew wom eee 41 33 29.4] 108 48 12.7 8,170 
ESSE XeMMOMMGAINs 3 Sos cck cies os sot} secon ce Al 58 22.2 |) 108 58 20.6 8, 750 
Nigimoivermibege 22s. 04.2. 562 lL. doa shee 42 42 29.7 | 109 09 54.5 13, 400 
Io Bby uli Opies eecce le eicus cicisech occas erscee 41 38 34.0} 109 21 19.6 7, 900 
PASH CM RCA Kip ee ss = we fcls s = Seca seisisce cece 42 36 59.3 109 00 16.5 12,700 
Wiesteablanitereeak . 2.252 ccc ececkes coco ss 42 37 17.2 | 109 01 07.3 12, $34 
Mount: Bonneville 2.2... sessccvere ohneee 2 = 4251 Bos 1+) 0920) ABR) Pee seems 
NewahlorkRe ake. 2 Lisi. sesso cenedesces LE) Eee peh a |) | LOS) Sid) Sten) leecoaaasee 
PrGmoniisiPeak..< 5.2 sss senses tate cn Pe 43 07 28.5 | 109 37 17.3 13,790 
CROSVOMUECs PEA fae 2 hse oS ee oe 43 16 54.4] 110 14 00.5 11,570 
TO MACKAE Cake Oe Sao Skok ceresctetatoecionnineate 43 05 04.2} 110 34 27.3 10, 990 
MVvounePeales 652.322. Lec ee 42 36 14.9 | 110-37 39.7 11, 490 
Medicine Butte........--.. mnie 41 21 06.5 | 110 54 42.5 8,769 
(Qyaxo (arn Pe eee hes ee ee ne ae ee eee Al 11 56.7 1 SB US Seno acess 
Wallin meealceie re: . Pio ob eckec elutes 41 21 44,9 Ld SOS le SaaS Soe 
NortheWowan Peak: . 2202. Vis sctcteete eee 41 54 39.1} 111 40 46.5 10, 004 
LD ee) Wir Beer Hepes ae gee a ep ee Al 57 35.9 | 111 14 07.3 7,795 
TPIS) Jets) tee ene ee eee ee a gee AD TO eh fel |) all sBy iu 9, 522 
SodapReala nye o.. 2h soc care ye nayee a aeyeoe cee AD) ONE 153). |Z) 111 33 11.4 9, 683 
MOUMIPRReUSS sect Ose Boe Sobe chice scat oecacee 42 29 42.6 | 111 15 11.0 9, 979 
East end of Bear Valley base-line--.--........ 42 27 18.9} 111 19 48.0 6, 100 
West end of Bear Valley base-line ..---..... 42 27 22.7 111 22 04.0 6, 000 
Sombie oe oes Sees eis ae 42 23 41.1 111 23 34.4 6, 600 
Iria ER aes SaROeerscre Heererra eee eases 42 31 15.6 | 111 24 54.5 6, 800 
IRAs Mul eee se aaa? ours chars ae coeisisarreme mee 42 28 49.7 111 19 19.6 6, 500 
Caribou! Mountain’ 222 .-s-<8 -s2ces essa cee 43 05 36.2 | 111 18 56.7 9, 854 
Moniniy Pubhnamte see Ol. Noss aasic cece 42 57 10.6] 112 10 09.4 8, 923 
Mommie ainda see's tye oe ie sinc delsnintesmarciees 43 21 46.7 | 111 05 54.8 9, 990 
GrAMARNG UOT eet ea ae eks cai, Sica SRS Salon cies 43 44 29.6 | 110 48 22.8 13, 691 
MOUMMUSH ROR sees wees = ec ccctacccicienecmiaas ASE 58) 5On eee OO ae adele 11, 700 
Washakie Needle ..--..-.-.--- Spee a a bows crete 43 44 51.7] 109 12 19.7 12, 000 
MountiShenidanteos sce sc Se ciclo 44 16 00.2 | 110 31 58.8 10, 377 
Sanyibellle/spPeaky sass ihoe dew cceteleee ckieaee 44 33 51.2 | 111 26 55.0 10, 013 
Mount Washburne ........--..----.---.---- 44 47 53.5 | 110 26 14.9 10, 315 
Hleciricshealkssncccicwe ste nesedecls sees ese 45 00 22.2] 110 50 28.3 11, 155 
WIGmMinEM Cand jose ee se ise eotoce esas sone 44 55 03.8 | 111 27 57.6 11, 000 
I MMOT AMG Odi ke aaNet ee aa ee a eseeleekis 45 15 50.2] 110 42 37.7 11, 034 
Md exe Pe tkeyeie oe, sesiekee seca wasaceceus aces 44 58 36.6 | 109 53 04.0 11, 500 
(aan One ale estan teimaioe sia u a cle eve aialaie: sisi (5 42 16 00 105)267 50) 4 .Seeee eee 
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Azimuths and distances from east end of Rawlins base-line to—: 


Names of stations. Azimuths. | Distances. 
Olen ad Miles. 
SGoaraivon Peake yaw dianeetkseeeinets See ielae aaeteeartas oh serrate 30 37 39 9.55470 
WRESTMB ARG ye cre wick ae Sat aoe ae eee oe eole ertine mck wree eta 109 55 34 2. 986405 
@lrerokee Peak «22.02 s2:cae a oe eee Srl acen eee etee Cee eee 162 43 34 4, 23899 
Rawlins Peak ccjusswtee ance meee Cantar ase eree Ee ene 207 40 23 3.71019 


Azimuths and distances from west end of Rawlins base-line to— 


Names of stations. Azimuths. | Distances. 
Oh aes Miles. 
Neparation (Peake Cosette a stiee cesses es coin eunciciowewmicsieinaeis 12 31 59 9. 46648 
Cherokee Peak.:----: -.--- FE es are Sees Aas Baty 207 02 25) +#3.41083 
IVa walamns WR Gales 2 a eye ee ey re ne gc Se Te cle De Dae aoe 943 22 19 5. 06674 
IB Aisb lB AS @) Secreto  eretsetas Sas er ee Sees = ee wee ee eee 289 53 24 2. 986405 


Azimuths and distances from Cherokee Peak to— 


Names of stations. Azimuths. | Distances. 
; Oe Miles. 

Separation Peale sses2 22 Jas Se Saseees ke. te Mesacwseceksieeeeeisel ae omeowed 12. 78933 

INVES OB ASC: aye en ev en eee Aegean Cie Sis gs chen lee ay een eine 27 03 33 3. 41083 
a KONI Ko Keel BILE R secesci tO SESE So Oe See EE rea ee 114 01 32 78. 1857 
AcGlambie Weak: Mites yee peers Byes epee tee eh ne aN Se eevee ee OS mma 102. 2309 
Wiikey iP elke: tats a) ie ah tary eee SIE ah Jape eiee soaker ee 159 37 46 36, 4532 
Seminole (Reach ie) hee) ep k berate SL a ae ea a 188 19 12 30. 7754 
iatblesn alwewe ealky Je ae tere Sec eet ra Seo eke Se ees) sa cee eee 209 33 35 97. 9495 

MoumbiSteel ester ser ca © btynumas fiat po a ee ee aule erie 264 42 37 17. 03304 


MRaiwidinsvb ence 2 blk Seca aeons e ccecre a oe me eAaeice een eC Oae ORO? 3. 07766 
BastvBasens sas ee lees tise ame eee ee ee aac ck cose en ae Odo RAO Reo! 4, 23899 


Azimuths and distances from Rawlins Peak to— 


Names of stations. Azimuths. | Distances. 


; Q 7 Miles. 
SBYAIST RB ASC siete eS tee et atc er re Se SCR Spee O7 TAN? 3.71019 
SeparabionPeakky S822 ee aehocaaemnc oa skccleeeeretecinweeetnaee 29 49 27 13. 26133 
WiGS EIB aISCie Serta Merk sn sy Se SE a ee Oty Te marae 63 25 57 5, 06674 
@hErolkee Peake ee I a aN dae tle SL 104 21 36 3. 07766 
Whisky Beale Ginue aeie) samen eos ce ese ene eeeeeee el OD EOe 4S 38. 2890 
Seminole Peale sts ue tye a Se Se Ce koe ie ea ae 182 44 16 31. 2515 


Rattlesnake Peake 2 io S05 see necces Cees s cee ee eee OSes 27, 3085 
MoumtiSteclen co) soe Geli See a ele a en 960 34 10 14. 17113 
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AZIMUTHS AND DISTANCES. 


Azimuths and distances Srom Separation Peak to— 
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Names of stations. Azimuths. | Distances. 
' On ade Miles. 
USES STNG oof 5-08 Geo cponn sso S per inesonen Sererenrr 86 10 37 73. 0016 
HieseeVOUMUAINGcote asec eco sl oe cases Jose eee sss else 106 25 29 84,5155 
ielnwe tine? serceceee co tooe clan te see kes soot ee oe oc cae e es 122 59 39 80. 8876 
POM CML ON Kee Boca see he ks Fc os ee eases de Zacclh SOE nOUay 93. 4842 
innUetuEM Cr Oak oem asec kc eee essen eed ae ce ee sale as te tO Pe Os 115. 6760 
Wit kaye dates eee oe wer wees seed c2acce shseee se ese ee 168 53 18 47. 3247 
Semnnmolewaed keen seem sass cesses case Sock Ss cedies oscecdes 190 38 07 43, 4797 

Vat IBS SES 5 SO CIO ERE Oe cee ee ates 192 30 22 9, 46648 

Wirerokenperkecs. cosasase sass aeceae seaues ce sees. < jescas le 196) 19)-40 12. 78933 
mesa KOpeedie sare joss sss ccsee sce dca ae eaael hace scene aele 20a 23700 40. 5068 

EeninNee tikes eo Noe | eee ioe he ee eek ews se eed 209 44 20 13. 26133 

BS imnASChe Meee as Sacco aan esd hoes ees seco e ca eclty CLO SRD? 19. 55470 

VSO SOR Capra soe ero no eee ee os eee wees cane Oo OOLAY 24, 789665 
Azimuths and distances from Mount Steele to— 

Names of stations. Azimuths. |, Distances. 

Oe ge ee Miles. 
PEMA vlOMMnedle ee meeaa sees hace se cciccciaisenmisitcssle=e.calnem 56 16 42 24, 789665 

Peanybln Sinemet ee. Se Pa at a2 Se a seh Bes ee oes aS 80 44 59 14. 17113 

GHETOKCOP ROMS Waser sce ca tice gece cced wasieaeteadiccin cclgece 84 55 46 17. 03304 
WiltiskapiP calm tev ie scl o sooo sacs se sees eaeclae a2 0! EST, DONG 44, 0687 
Seminole Peak......- Sa a tes eS a a Se epee ee Reto 2 (S22 156 48: 30 31. 4766 
HEH VES We) ROA Klass. < Sins sicis dei ate ce ercemurcee eae ecedoecvehee ta 7 Gr As 99, 9614 

Azimuths and distances from Seminole Peak to— 

Names of stations. Azimuths. | Distances. 
See vane Miles. 

Va vblt SpEAe aKa a aoe carl sis cteiclelaceis ce Cee Mecloietisiies ob aiaas 2 45 23} 31.2515 
(CH neem Fees) LEYS at ke en a Sa SN as oe 8 22 40 30. 7754 
EVAmA MONE eAaky se aces See See ee ae cea ee ss eae 10 44 24 43, 4797 
ces bbe sates sem nae secede esse are oe sca deee 59 37 24 93. 8326 
Mellow piutheree elie ee ee a eel ay ee ee. Pe aie 91 05 59 75. 8750 
Dieskwvmlvealime ss see cokes cee be eal een 2 ER re 102 17 51 17. 5406 
AN TRI TRF) es SA Ae ree SR ee ee Se he rr ee 106 00 32 93. 4844 
Windehuiversde eal 228 5 hers alee Nak eae bee See a 108 32 53] 101.4509 
eatiivesmakeubedtk eet seee eeu lah ee ei Mee ee oo ut 303 24 36 11. 1752 
Mount Steele.....-......- PE ee Mane CE TAN REA A cs a 336 38 46 31. 4766 
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Azimuths and distances from Whisky Peak to— 


Names of stations. 


TRIG pA Rees aac o re coos SoCo SSaepooSUeeSIne occicon joao 
MeO. DULUie oc ee cme Bole Sener lee otelerenc.28 conte ee pemisemetereciers 
INGA GIO) Canine ca Suelstee steers sere nent e eee aaa e seen s oie 
Wiest AtlanticiPenksaeets ocoemae ete se oceeses oo cee c eee 
Wand iRiver. Peace ane eee oep siamese seas ae estas one Sie Pe ea 
Washalkie Needléz sah. chances, ceisencmmsceteeeerssecemssicmc 
Seminole Peale tee sake es scene be a ost ee cee eee sees niss 
RattlesnalkePealkis se 22 c soce ele coe cineca cee ee eeeecs 
MoumniiSteele: tee: acne s< tee meena osc oe alesse Hela acerca 
Rawlings Peakastecs se ek eee ons cee etees Soames ees 
Gherokeet*Peales pays ask see eyes c Meee e cae tee eee nesta 
Separation Peak 


Azimuths. 


fo) [po Sti 


51 02 34 

87 33 14 
106 38 27 
106 44 48 
109 37 26 
140 49 17 
282 04 23 
290 16 51 


Azimuths and distances from Black Butte to— 


Names. of stations. 


IPilOLeBUtte Shs ses oe emeiere cies ss Sete Macca sem secmismeiene 
HH g gene Vio waht se Sie ate eer wie eat bois Gr ceyeyerern a heeecterserermate 
IWhmd univer Reakyesee case celine ce om ec comics meicem eeeientere 
WiesbieAulantiGub Gals = 2c2 cetes see on occas Garscies teehee ene 
PAV Laie APC ale on aie ier Wh i olan old n'a ates Sieiee mieiai Ne leteimle sere 
VellowsiBubtessses ses asicn uss. ceieeare 
Wrhiskyabeale .<ensse fost d. ceciece.0' seisin/palsieisaie tests che mers 
SemunolevPeakk e205 bce eee ee tec ee Bie wie Sree nem eee 
SeparationsRealk=s2e neem cee oe eenien ieee sre essee ee eee 


Azimuths. 


fo) Cnt 
101 45 20 
163 06 03 
168 07 55 
171 28 31 
172 00 51 
184 53 41 
230 13 19 
238 34 46 
965 14 30 


Azimuths and distances from Yellow Butte to— 


Names of stations. 


blackiBubteseasseceea-> eeeacee AE Set te Ee Sco aeS 
HSsexe Mo UMb aM eae se Scie DOES eS cle eee le cinee orem eaiee eee 
WW Ounlline IRSA. osdug0 choseg ssc Boon Sess Ss09 0000 Soans6 
Avail IRinyere 12M he ace dese oscdus Soeodegn Saat asecdos asodonll 
JAdlamticnPenkes 8 acts Sao, Cues oa oh .c coiceisale s Seem cueeiee ee 
\Wiimalkey TRGB Sa sco5 shodes Hoo eco Hegde dodees deades Saas sade 
NSeiramaellsy lene 5 anos sociess soso ees dod Saggos Seed sses 
Cherokee Peak 


Azimuths. 


{e) OTE 


4 57 02 

32 23 35 
104 02 26 
145 35 51 
149 04 54 
266 46 55 
270 06 12 
293 05 34 
302 06 32 


Distances. 


Miles. 
81. 8053 
58. 7687 
75, 9911 
76, 8151 
84. 0403 

129. 0398 
17. 5406 
28, 2537 
44. 0687 
38.2890 - 
36. 4532 
47. 3247 


Distances. 


Miles. 
29.1795 
29, 9167 
81. 1561 
74, 2300 
73. 7652 
49. 1669 
81. 8053 
93. 8326 
73. 0016 


Distances. 


Miles. 
AY. 1669 
24, 1008 

100. 1618 
36. 9106 
28. 0644 
58. 7687 
75. 8750 
78. 1857 
80. 8876 
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Azimuths and distances from Wind River Peak to— 


Names of stations. Azimuths. | Distances. 
ON gam a Miles. 
Tenor) JARS) BOR Ges SeG) SER OO BEC A eee eee 8 57 53 74, 4295 
MpGHeMMePDItbOta: oo 56 veal e ee cadeee Moora Somes trate Sis sets 44 58 23 | 130.9820 
Wyoming Peak ...-- Le ee sachs od Ais Soo w sre 85 07 14| 76,5424 
Teholaaclke IRERIK 4es See ee oe eee pean eeee 111 01 19 77. 6677 
(Giaenremine 2G ke) ee AAS Ae ee ee eee ee eee 125 43 02 68. 4280 
itanwaleiamice ee titer ei a eens ican sicisclastc aca Seeuiciewaoahandess sues 130 45 52 30. 8889 
MOMMiPBONUNS VIC! soo cecscosceceheecss seseess Wvetwsiaccase 133 48 48 15. 1240 
inginamis ® JBGHic Saas Sea eee oe eee eens a eee 139 19 28 37. 9811 
BWicrsiner Kot MINCE M Ole yaaic aiteialsin/sieciarsemial\ac mae Made cwleecccceceacs 177 03. 31 71. 8382 
Semimnolewled kes: 1. acct eek cot © oni dee Weiciemeaiuseiclcina = eis 987 16 15 |} 101.4509 
\Winneliny eg 5 -Seekee sees Se eesonsp~ ic ceeEoS aeeo sr eenee 288 34 25 84, 0403 
Sac tint PGR coe oe REE: Mince ae et = , 309 08 12 | 115.6760 
Aiea JBemke So See ESA 56 See es Gee ee Seo O ne Coe ae 314 28 40 9, 0591 
VASSAR Te MeO aKa laccee acces ce ce seeuaeees o ocok 316 21 36 8. 2752 
Yhellkoy IBUHRIOS Sa ees Se Oe BASenO CBee eR SeSe pies Sa ae 325 19 15 36. 9106 
Tlevolx TBITCR ELS ee Se eS Ee eA eee 347 54 48 81. 1561 
ae / 


Azimuths and distances from West Atlantic Peak to— 


Names of stations. Azimuths. | Distances. 

Oey Miles. 

BLO tMEUbbe wre sere eek ace ces Gatos | ARERR CR LL 2 14 27 15 69. 7145 
VWihiindl TeviGie Jen Ce aaa Be SoS Een Seo Sn rSe sate seere 136 26 19 8. 2752 
UN Pe op CRRA E IAS a ee eee 285 47 34 76. 8151 
IVEIILOWat ULC) comets sie ccse cs cesceons eae SES Sees ee Ee Ss 327 57 10 98. '7655 
Sey nS TEL LORE Sees oe cay Se Sees ae oe en Skee mm CLE 351 19 26 74. 2300 


Azimuths and distances from Pilot Butte to— 


Names of stations. Azimuths. | Distances. 
LOHR ARAL Pl Miles. 

MMedicHmer seb bOpe aa a oeiaid aslo saves erseicy sincere eis siewa imercate.. « iets 76 33 15 83. 2074 
WR ORUINO MICA en serctt. 5a ne e/a sicicie siaeinieee ic tse ceiste icicle << aie 135 51 11 93. 1334 
ICT OM Sed Karmen cst oee een aenl esa enim ceremince secs ae dae ob Lone lOS e706 
Wind River Peak -.......-.. ponceretetcee octets ae ee cca Satie « ait 188 48 46 7A, 4295 
NiiesbeAtlanticeealeys . ek Fue ie ie ES Cee tree er oe 194 13 16 69. 7145 
PM ICLP OA Kee cra ooh oie cs ce aba nals clone ieee ees oar 194 54 03 69. 5596 
PBS See Vl Omar cysts oracatcere cr tnine cain ieiniecoe cee cats cc eas COOL ol On 30. 1534 
ACK Wit O steer eeaics seo oslavie weleice see mele ecto! Ree ae 281 23 20 29. 1795 


Azimuths and distances from east end of Bear River Valley base-line to— 


Names of stations. Azimuths. | Distances. 


Sdpupaigy Miles. 


SOWig ag) g GULLS ASR os een eee ee a a oo DseDaT 37 37 16 5. 26907 
\/ GSS CIs ol eS a a ees ee eae 92 11 33 1. 93125 
Sod an Egle saae Maayan oie st ae hh tev ciocetluliar aisaaceienin aining aisle 93 25 20 11. 42290 


Bea Sti eile mee poem eo ee, aries ye SS Te wor ON. Lid. hh BOS O2haS 1.78661 
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Azimuths and distances from west end of Bear River Valley base-line to— 


Names of stations. Azimuths. | Distances. 
Nah et Miles. 

Sougbh Hil) ic 2 ceegta seers ees eis ee ee ee eee ea ate 16 49 40 4, 43804 
Soar ealls 526 ao Sees Sere Sn pc eS ne ae ere ea na 93 38 50 9, 49212 
IN OT: Ga SELL 22 heya gye ne is Way Serene wat cay Sat ts erie Soe Donte te A SIL 3B) Be 5. 07885 
POPS SHU OOS ene Ok eRe Os Senn. Ste eee cena 234 26 03 2. 86720 
Mount: Pre mesty-e ease ee eiesare 2 ose ore ee ae ae 945 22 10 6. 44605 
Baste Base isooeuee eer oa cee wemie ne maces anes ante cars Srnec 272 10 O1 1. 93125 


Azimuths and distances Jrom East Hill to— 


Names of stations. Azimuths. | Distances. 

op ae Miles. 
1 OS nul BY (Sea Sen es ernie SS IE Re cy pe ie Sete et aS are a 15 02 58 1. 78661 
Soublngeiniliss SS aececiotes Seer ihc cre tc ee a a cee ce 31 28 29 6. 93388 
WSs Base eee oi tenes immanent eee ee OE ing Seen PS Sed re 56 27 55 2, 86720 
SodavPealek dancin dee ee es Pe ore 84 52 53 11. 85307 
NOE tn HEUTE te as cece eeepc ee esc Si aren teal bare eyes meee 120 31 54 5, 51364 
Mount Preuss 22. + ceeece cence Soe Sine: bo eR ee EE CEO Eee 253 55 12 3. 67132 

Azimuths and distances from South Hill to— 

Names of stations. , Azimuths. | Distances. 

: O ieee Miles. 

Paris Peale se sioxg Pe ae a ee a a ee SN 31 49 00 15. 6100 
Soda Reales see eee Aes oo SE ae ates acetate mea eee 120 37 54 9, 51761 
AN Orb HER ores Sia ei Seine Seles ARN es eee 172 34 18 8. '78752 
West ase dy Se Re. eT so 2 cle cscs cee ee eee 196 48 39 4, 43804 
AVS ty EMIT 6 FS es Soiree any ek Pane Se isa coe eg Sua te RI ym nee Db ay B77 6. 93388 
PaAstiDasCace Sean ceecetene a SON LS Mec thy Ss RE an a A 217 34 47 5, 26907 
Mommitmbereuss Mis Soe tad pene a ee es See pen tae 925 50 19 9, 95603 


IDEN ECS) WAVE yyigad BUEHEH tenes Arete tis Se OP Neves ee aN et SEL ree | US UL obasr| NG) 31. 0722 


Azimuths and distances from North Hilt to— 


Names of stations. : Azimuths. | Distances. 

Op odes Miles. 

A LPa a eg Rs Yl Ex SFT CPS A wes AL) a a ae Nia INS EN 2s SO 17 52 28 23. 0947 
SOd a sR aks oe ears ee No ee odin ates Sea oe ee 61 16 05 8. 04264 
MounbiPreussisee aah. oa icn caccce so aceon eee 282 06 13 8. 46704 
HOPS sl UY eee ee”. nie emir ne Apt Zit ae 300 28 15 5. 51364 
mV ASI UMD BGS (ype Precise near speak Tie RL edge chica aceN aa ey has Se 331 32 06 5. 07885 


auth dail ho Sos 5 eee eee aes cmcinlnme anise semscmeneeere & Boz 33 24 8. 78752 
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Azimuths and distances from Mount Preuss to— 


Names of stations. Azimuths. 


(e) / MW 
me WOe treme 25. oS actoivewie: soma Soars aa alee rete 28 38 08 
Barismeeadk Jo. os. 2s. - Seer So eressao sose e665 Goas Gosceteasose 37 21 56 
SERRE a epee oo. 0 scan owcto rotten tesecet tate tews es o 45 55 58 


CUM GREL JBNEIRVG) 5 0g 2 2 0 A ee ae ee eS 65 26 58 
eer enaislonl bey erre me 3 LN scnneccek rors cnctaleielateloretelaretse ats w'siers 73 58 07 


suey Broglie SoS Se ee eS ee ae ee ee ee 82 20 36 
Puen AM INAS ioc s Cuwrewewiotim sere Skteevariete Setoe aioe weiss 102 12 47 
NGM ATRIA ANG cat: soo ciows Ses es! See eee eres nuetwersbee eee. 124 26 02 
HOO MO CMU oe oe caeucewews cane eeletticete ewe wee see Set 175 36 27 
MiGwEnth Reid 28 i aS OS a ee ee ee Se eee 187 24 02 
‘Cocin dl (USO Ae See a a a 194 33 35 
le Mee Ae net ccioa obi aaitefu a biota e mie oc liaeice elem a= > =~ | 22004, 49 
Wayommne Peale 2225... seen se ceca cece ae rere See eck 256 31 38 
MGHCIMOUDUGeY Sot cele oc es wa Does see amie haces Lat ete Se 347 19 15 
Thad as, Way ip EGE te Os eee ee er el ae 358 35 17 


Names of stations. Azimuths. 


; OQ 7 iG 
eR Geen eee ses aee ce cacis cistecoe vaicicedtceescede cues acs 0 01 16 
INORU MLO MAM Mae Sao sacle ms) Soc eistt ect wen Sale emetwice ees ese 9 40 26 
Mount Putnam .-....-....<. Wiaistotemieves erate Re oer 137 15 19 
CARO OHM VOU TAIT Sete braa cw aloe ee a ceca eee eee ee ces ccc 195 28 12 
\Giremng) Winona Se ee eee eee See ee 202 56 56 
eM aeons Ct ktice ts ai-) solo Liste-cicierorarn Sin eee eee cee wie Siete Sete kes 229 00 06 
PNG erie arcs Soe ciscceweeeses ha opiates Senet eeeers ace 241 10 29 
Wayomuiro Peale leh oh sie ansuccreistibe te See ose edee isos 258 11 20 
Wilks Cnelty TEARS OSS Pe See ee Oe te et rire ei en eo eae 262 08 26 
[Spin 1 Bt er ae es ee a ee ee ee eee 264 43 31 
TRB INOS Oost stee ie teres tel okies & Se T aes owe Sete oe 273 16 22 
WISER DANClS oe eeeit ces 2 Lsuwis oetlenwew Sbcede te Sulue sh ote sa 273 31 20 
Sioa, TERM le ys ie 0 ie gi Ses a Ue ee poe Se ae 300 31 25 
[Le Re Wier [ESR ec es Se ee ee ee ae eo oe 334 49 04 


REIT BES UU Ora am oo cin seicin dinning = saiemen tse mmteinciacis <—e 336 29 50 


Azimuths and distances from Paris Peak to— 


Names of stations. 


oO thy ees 
IN Ath UBT PG TELE NE (5 eee en me ot 17 56 05 
VERO AUG AMO eee ets Ria cic aco ace cicceciescc comicoe Galcuee <x 158 57 40 
Saduphedia i sssavese mean so. EEE SECO ACO eae 180 01 16 
iceman SL oe aca, ce as cine scoslececipescsees |. A90 40053 
GramdtMéton ses See el sce cnc ccc sces Cem seer aces ee a 199 21 43 
Ss ereeeeneetetas eos So A lane So ee sey sees | Melee AeAO 
IMA OUT RA] BTR S she So ne CHB ReneS EIS ES CASE sae 217 09 48. 
WOM Op be dqrepes aticten os osetia S cotemee cioeeiceciasincecseses 239 20 09 


RARE RV Tee alate ce Soe eae ey one eee ree eeciocs sets all od opened 
AUGr UIQ@UIle LATE se oe ee Bee DER EO ERP Ere SSE CUP OIa: ECOSOC ESRB | Meo. P5) 
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Distances. 


~ 


Miles. 
45. 8766 
25. 3845 

9. 95603 

6. 44605 

3. 67132 
15. 4732 

8. 46704 
56. 3193 
41, 4106 
60. 4054 
88, 9402 
53. 3383 
32, 7850 
80. 8307 
36. 9430 


Distances. 


Miles. 
IS. 1137 = 
38. 7779 
46, 0207 
45. 0267 
95. 8669 
65. 6200 
8. 04264 
48. 2040 
15. 4732 
11. 85307 
11. 42290 
9, 49212 
9.51761 
38. 4687 - 
83. 6183 


Distances. 


Miles. 

21.1414 
60. 5778 
18. 1137 
23. 0947 
112. '7702 
15. 6100 
25. 3845 
54, 8615 
23. 3902 
67, 3981 
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Azimuths and distances from Wyoming Peak to— 


Names of stations. Azimuths. | Distances. 
; : On Miles. 
Walllard ‘Peale -eqeciee Cee eee coe es ciape felis ce ee ee al | ee MLE 109. 9147 — 
NorthLogan Bealce sere cre soars soem eter ee eee e eae eaor Ones. 72. 0881 — 
Paris¢bealk . (sss eee eee een ect sree Ni alee 59 57 35 54. 8615 
Mount Pretiss ceeseetncs 2 ea ce eee ae eens eee ae eee 76 57 00 32. 7850 
SodanPeailk.. neon a xen S22 eles ct ee Oe ea ee 78 48 51 48. 2040 
Mount Putnam.............- SE A aes a, Seer 107 35 33 81. 9928 - 
CanibousMountaines eerste sea oe me ste rere 134 15 14 A8, 5916 
Grand Néton hey eee sea eee. So oe ee ee meee 173 30 11 79. 0212 — 
Oak sPe aces AO) MA SLL EY Mo ei cg 184 39 52 33. 2638 
GOs venbre Peale ssesiig Sees is Se RUM _ Ae Rae yar 203 00 38 50. 8615 
Trem Onis ea leesye vanes Ae ete stot) ate et ee a 234 33 01 62. 4526 
Newekorks Pe alle: santa seein Sy Sri ae en We Dah oe sea ae 242 12 41 59. 2193 
MountBonnevaille setae een oo Sosce cn soseesieeceseeet eee 254 25 22 67. 5224 
Wam dekuiiver: te al eos pays ree Ss a ere 264 06 26 76. 5424 
Velllowsbubteves ces aeeatceeee. na oc eianen eee on et es Cee 282 45 35 100. 1618 
11 Koy rel BAD a Re tog, sp ean Me Sa a a eee ei es TE A Be 315 00 07 93. 1334 


Azimuths and distances from Mount Putnam to— 


Names of stations. Azimuths. | Distances. 
OC Miles. 

SawitelleistPealkesce 2p i eee ee cre shee eye ee eevee el aro | 116. 9387 
(Enran oC Meroe a ee Oe \ eee NNR aa eA eee fe ol VORTL Ort Sy) . 87.6219 
MounbeB ard! 224 2 asa eee ok ee ee OO iti 61. 0609 
CamibougMoumbaine ease 5 ee eee eae oO Ams) 44, 2997 
Hoback Peale yb eae 2 oars ein aieteya epee meee eee ate OOD RO EAG -81. 2946 
Wiyoming Reales ios 28ee.feeee 2 hoe ee ee ee OO Ropes 81. 9928 
MiomiibsEeUss one oe 303 48 36 56. 3193 
SodapPeak hive t cewek DI ns US Sra he Se ae a Saale Se a eT Gm OMG 46. 0207 
d MATS) il ELH ge Ut areca Oey 960 Se em Ae ey ee Cee Dish SD): Bio 60. 5778 
Norbhvliooan heal paper 2 eee eee eee eee ed ON Om eg 76. 1431 
WaillkardyiP eae tyr osencimeyn eae i ay re ee een eum MUR aR Oa 110. 2500 


Azimuths and distances from Caribou Mountain to— 


Names of stations. Azimuths. | Distances. 

Ore Miles. 
SOG awe alee i ck eM a ae ace ee ee oe ee 15 37 53 45. 0267 
Nouba ubmamss 2 SCs es ee ke ee eee 77 39 03 44, 2997 
Gram MhGton es sh cee ee ames ace siacia ciara Bepeenee ae Be atl 209 38 08 51, 5591 
Mount Baird. Wes 0s2 a3. ee ene ee eee ees eT ONO DIAG 21. 5962 
Grosventire Peak: i222 2.2 eke de cd cs cewenese dee steeeee = 4 256R1b 05 56. 1869 
Hoback Peak @is- 22 ioe pages zs cecs ct betes eee een 42 |S 0FAIN06 37.5163 
Wyoming Peak\2i22(35 52.2 iep ce. ctsseeseeccttseeseee acess | ols 4710 48. 5916 


Mount Preuss 222cse ee eee eee Sticeasseseemteseceemescess 305 33 54 41. 4106 
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Azimuths and distances from North Logan Peak to— 


Names of stations. Azimuths. | Distances. 
* Oese ees Miles. 
Ogden Peak......-. ---- ------ +--+ 2-2-2 2222 ooo eee ene eee 12 22 02 - 50. 2688 
cv? sid) Bagi 2220 See eee eee erie 21 25 07 40. 6216 
Minne LOT IN ae See Sam < cic eae s—sato en - ese enna cece a---=5 160 57 55 76. 1431 
Aig (hegle sulle. ak Se eee SSeS een CoC Eee 189 35 21 38. 7779 
Pampibeak 2-25 a2 2an w--- 2 wna - own ~~ ons ore enn 197 51 O1 21.1414 
RMT rie a, oe ic nance more e--s| 199 03,08 133. 9058 
REMI MESEATISSH IE oo ates ou Saiceinecis ste ccicccéeiesceen secs 208 20 59 45. 8766 
Wyoming Peak -.-. .----.------------ ---- e222 ------ ------ 228 04 08 72. 0881 
leuk. Whanp 2aglic 2ee SES eSoS saeco Sa e eee crete 261 25 52 93. 1380 
NEPEMCIN OBE TI LOM meee ccoe ee oo eae et ecleloceceulce Selneccec Sl3nbe te 55. 3868 


Azimuths and distances from Medicine Butte to— 


eee arn Pan 


Names of stations. Azimuths. | Distances. 


i Oty ares Miles. ~- 
Ogden Peak...-...- ---- ---- ---2 22 +--+ 2 2s ee ee ne oe ee ee eee 78 34 50 51. 8014 
North Logan Peak..-.-. .--. ---- ---- ---+ +++ 02 eee eee eee 134 23 49 55. 3868 
Sete am st ice at rye ie ay cimierwisiniaincioraicjaioreintaialeciataiaievacime.ns 150 46 07 67. 3981 
Sng, PGR See ed Be ea Se Be oe esee CEES eo eos Scorieeee 156 55 33 83. 6183 
ILees, han leek (Rene eee esos Hoos eeee 158 21 19 45.1796 
Wiens ERATERY Ieee Be ee esate on roc os Cae 167 32 56 80. 8307 
Viiiseitl TR Sea ere 1Btep Re ee = ee o4 Ono COs oon 223 46 50 130. 9820 
EAMES EE DC Cre ee een oso cjeinnie tie a ee eteniemcisisicaydae sate 255 30 40 83. 2074 


Azimuths and distances from Ogden Peak to— 


Names of stations. Azimuths. | Distances. 


SN! Miles. 
Ogden Observatory -.--- -----+ ---- --2 + 2222 -2- = eee nee eee eee 103 14 45 6. 0234 
Wuabinte pete 0. ono. 2-2 - oe ain ewe le wea ene os ~~" 160 02 34 11. 9978 
North Logan Peak...-.. ....---- ---- -----2 222+ e222 e222 === 192 13 49 50. 2688 
Monee bubte iin. ous se uecterneeeeeet eee eee: et + 2d OGG 51. 8014 


Azimuths and distances from Hoback Peak to— 


Deen eee eee SF ee 


Names of stations. Azimuths. | Distances. 
. ; Digg oihe Ml Miles. 
Wyoming Peak ...--- ..---- ------ 2-222 cone eee nee eee e- 4 42 04 33. 2638 
MEST RET CURS Eee. ao ous soc cse Sesceelenesc seers ce aiccmees 40 32 30 53. 3383 
eae ice es on dein ac ciseiccedema ces.cnnas esuesec--< 49 40 OL 65. 6200 
Mount Putnam222-....-.. NS eR ED SR ee et oe 84 07 42 81. 2946 
Garihou NlOunfalMee. oc soos fescue Serre adeeb adiccen cas-<- 91 11 30 37.5163 
Mls ain ae ee ee as Lon esas a eeededecccc sees 126 10 09 32. 7097 

GeindulGtoue eee cee acc cecentatsawaclsacicouwecsje-es 165 38 17 46. 8308 ° 
Gipsventres ean oe ae ec eoesccenseosesaeecsns a te Se 231 32 20 21. 9468 
MIMBMOnt Seeders es os csue caccaseces are ees ep eae on 266 23 23 48. 2687 
ING, P One Bedieitas cocce a cadeuc come ue ee a Rede ee Ralf. tS 276 24 09 49, 9926 
Manni bonne vaillewess= sass cess caessecasclescecsioewasc<= 283 35 01 64. 1210 
Oi es I Rang) oP) Ce eae Sa eE IDS Ee Ba OSC oR er CC oo TE OSraee 289 02 30 77. 6677 
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Azimuths and distances from New Fork Peak to— 


Names of stations. Azimuths. | Distances. + 
One ae Miles. . 
Wicemuny Peale’ Seeene ee eee Pete ee eee Cee eer eee 62 54 52 59. 2193 
Hoback Peakirei sos! snc. SeeeL Renee Ace eee eRe kee 97 04 18 49, 9926 
Grosventre Peale asses Se tees. ccee Reece ee eee Meee Sees hoe ali 244 37. 7565 
Grand Léton eco Seiesces tte eee Lee aGee te ahs beet eeeeeeees . 1380 24 00 79. 7018 
Frémont’s-Péalke: Bg. Ci eeee nck Se tcu ste ee eee eeee seas 170 43 58 8. 7446 
Wind River Peak sor s2! feeeas cues eeu eee the Laie seat e se 310 26 53 30. 8889 
Azimuths and distances from Grosventre Peak to— 
Names of stations. Azimuths. | Distances. 
Oe aes Miles. 
WNIT TEES Gao soo cescee scemedcoee Geosen cans seboos sos 23 16 45 50. 8615 
TODACK IPE AKAs oko snicia wat abies nae Su Seienet wee cele ee eer 51 46 20 21. 9468 
CanbousMountaim Naess ese mec ccc cee eens ween cee meee 76 59 32 56. 1869 
Mount gb airdJs82 ee eee BAS ee ote tate e eats sek eee ee ech eee 97 37 28 43. 9557 
GramGgenGton Wee sete se eee Doce eee eee eee ee eee ea eeee 137 59 34 42, 8420 
Mio matali eri alanis oe ee sates ois casi ete Oe ee eee cee ee eee 167 40 44 69. 6232 
SOMA GI Shoe Cole ae ee er eee ocr eke cic ere ee aM rs oe are 900 31.44 51. 6740 
Wrasha lave Needle sss seen oon leas heSoce ne eee sees 237 44 19 60. 8395 
RFOMOnb- Sees kee ate Sova oe SECS Ghee Ghee Lee ce eee ae 289 08 08 32.7521 
New? Bork (Peale kee 22k). eee ao biaeee ds ocd ce ea ke eee eee 300 50 37 37.7565 
Monmntebonrevillle a sect. Stes so ck Soe ccs cae beeen eee 302 41 16 53. 4985 
AV Valin le Ruivie Tulse akiws nar nee See a oe ie eee ce ee ee ene 304 58 00 68. 4280 
Azimuths and distances from Frémont’s Peak to— 
Names of stations. Azimuths. | Distances. 
OO Te Miles. 
Wyoming Peaks tie sheee See. - ahd aie oi ererehaeteiote ans este 55 12 12 50.8615 
A ENG) GFW ele] eeye hl CCE eearodie ot ic 2 ope AS peat Dap: TOD ye PTL See Spee 8 87 00 58 A8. 2687. 
Grosventre Peale 2s ce ccs pees ce Sac ce ave ais os lee oe eciese 109 31 22 32. 7521 
Grd el Stone se scee ete oe Oe es oe ee ae ne re nes 125 55 07 73. 0860 
BSE pe ai ea. CE A NI fae No al ae ES 169 10 30 59. 8085 
WishalkveiNeedilez. ssc. a. come occ ole wettes Clee ee eee eee 205 46 58 47, 8340 
Wind River Pealessoc ssn paar ee caen tos ee esr s eee 318 57 36 37. 9811 
Monunttbonnevillee v0. 5 2 ers ccs cc co cecelscee oeciabeee ee 322 35 06 22. 9730 
New SHOT RG aller a serach Pee acisia once Se LS See Se Eee 350 40 54. 8.7446 
103. 1706 


Pilot: Butte. eo eowtwe sce piaiciciuoicisheosarciave bere malersarteeree $52 18 20 
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Azimuths and distances from Grand Téton to— 
Names of stations. Azimuths. | Distances. 
Cees Miles. 
Mount Preuss ---------. -- ---- »----- ----2- ---- ------ 2-2-2: 14 51 47 88. 9402 
North Logan Peak..--....-. ------------ +--+ ++ ++ ee2-22 +2 19 38 38 | 133.9058 
Pee ie ee ee te ses ais ce wel sisjaisiciiasculsecians sas> ada 19 52 09 | 112.7702 
Siig, Regik 36 ske5 SegR SG eae sae e eae eee eee eee eee 23 27 26 95. 8669 
PMH OMIM LUN se eh oa sec ctoine Messe icine eciccianiccosaecece 29 59 O1 51.5591 
UPR TATOME Eola See os Sa male oe aiaje kuineeieecicles eens 52 03 35 87. 6219 
Saaneqalles JPEG WR 5S AoA s BRS Sees GS OCo DOO DDR Ot eet 150 53 06 65. 1538 
SSM eas fem neat epeeg ec lene wi cikic ome iw ininja nin slesielel e'sjeic mcinmislasee eisai 178 53 17 87. 3273 
selomind, WW SSinll Oils AR Re RACE aS An Bee peer poco SeIcCUS aC eer 193 57 06 75, 2134 
Might HOTlaMea a so occc es cec es cc cece ceccce wees cate eecnss 200 29 44 38. 7320 
Tradesc Rie es ees ae eee ee 207 50 32 96. 7400 
DMatlIn Ae akcns see ates Skee eS Soe 2 ee Ses cis 950 06 48 49, 6353 
WERCTAM SOAK es oo ac otloae casa See cececiese css cece toed 305 08 02 73. 0860 © 
Weary IM odie Tecan ees oe a ea 309 33 53 79. 7018 
CGREMMeHT Ome alae oe siete ae ols cee Seleicemiarmciemioeyteminetiel iota 317 35 45 42, 8420 
TE] (G0 8 JFan)e be Joes SRE ee pees oe eee 345 28 34 46. 8308 
Wiyomirte Peak 22222. 22.5. - --ss20 52 ooe a eee nese nes 2 2a oe 353 22 46 79. 0212 
Azimuths and distances from Mount Sheridan to— 
Names of stations. Azimuths. | Distances. 
Onan Miles. 
ExeraG WAIN hoe 5 See Or ee pe ney a ce 20 41 03 38. 7320 
Eincrerpal latin TEC: & colic ple cae PE a ay aniee ence sie mmm fae 1 I Seger US 49. 7465 
Mer EM arses. Meo o8 i. eee ss semecoas ----50( Lae as 49 64, 2333 
PPE CHSC ME Cal ances ae = ya'ei a cisiareierera ac Ss ereteisla aio eye eterarere'= Ses 163 32 06 53. 2639 
METH AV AS OMEMt 5. los caso oacc ee eee ee elenceromee® sels 187 17 20 36. 9970 
Thales Tee pile wos ea a ale a ee Oe Se PIS) 53) (D4! 58. 5345 
Vrameniis Reales Le eee es leer Be a) AS Ae (ies) JU eae 7 38. 3759 
GEOSVeMTLeWee a kate socom SiScayoo ne Seem oeeeee pees = ails 347 28 04 69. 6232 
Azimuths and distances from Sawtelle’s Peak to— 
Names of stations. Azimuths. f Distances. 
OF eee Miles. 
1 AE eISg ot. {See ee 18 12 27 | 116.9387 
Ay Ta rs] Ce ee eae eee enema eemee Ieee! Foal Ke irr 24, 4162 
Hunistaion Teak: eS eee Se Re eS oo soeeent coe eee 216 35 35 60. 3740 
Prerinicrheeniamraes ose. scale ees pment ninyarenteent a 8 294 10 22 42, 6972 
hand @xets Go) ae wees i ot, a, sa ciavtevenal ota ctauciatalejwievenselwyciei='= ic 949 07 33 82. 0330 
MSGI STA CLoT, See ne eee ee ee eee 951 40 23 52. 3610 
Oa, Sine lehd See eee et ee 294 03 52 49. 7465 
BesTIMI Sie aaa emo a ee Ce een ae, vee ebeme nce 296 36 29 88. 0099 
330 26 11 


Grand UNS VOM ~-  e -  e eeh 


65. 1538 


672 REPORT UNITED STATES GEOLOGICAL SURVEY. 


Azimuths and distances from Mount Washburn to— 


Names of stations. Azimuths. | Distances. 


ate. Miles. | 
WG TING, UTM EN ee Soin coe ooodlopoSsipsesioa soos eeeose soos 7 21 21 36.9970 
Gieping MINS OM soos spatsoceu dacs oaog paoeonbseusbdsad coos dade 14 12 34 75. 2134 
Saw telle’s Peaks: =: et. .emeeceseencne Aonensenbe catecen 72 23 02 52. 3610 
WO, JSHUOERC 3 SoS 350 nace agoone bend DoOU BSKE Codon no0S naeC 99 39 47 51. 0406 
Blectric Peake cu. te. se neame ocacsc seas ete ee Seas cee hme OM) daeet 24. 4660 
Hmiorant Peak tees soa meson esta see ses cae este se 157 31 13 34. 8233 
Index (Peal 252520 nocaed ae eee ce teense hee sarseesesss 23 Redon NS 29. S141 
Youmt/s'Peak eee ce eee eae: ca kone eee nine Ca aeeer 333 17 36 62. 9494 


Azimuths and distances from Electric Peak to— 


Names of stations. Azimuths. | Distances. 
Ohne oy Miles. 
Sanwitelllesmbeale cos: since eects wae cea sceeiee sl wericesveset 44 36 06 42. 6972 


Mount, Eilloard te. Soise cats eetee sale ints beni wecleeiemenecce| i aenoaaOS 31. 0930 
GTA GOA ae che Coe <> ns ceceenkh Semaeeeceeserely ehooeiimneg 18. 9106 
Ind exahen kisses eas aoe tm ince oo ocees sess ciescieemelsct eo Gem UCMIEs 46. 9188 
MoumbayVyash bum een ee eeleeeo. feaee cacissiaeaoe mceniseeetae 305 47 24 24. 4660 | 
Mount Sheridan :=\.5. 2s bee seersnesseccue ones ss eemaeces|| Soo ntemOl 53. 2639 
Grand WS hOMs |. sem ioie ow iciais cess wen whe arefeedneiamwewerent }stoOS SOlweO 87. 5937 
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REPORT OF HENRY GANNETT, M. E., TOPOGRAPHER. 


LETTER OF TRANSMITTAL. 


WASHINGTON, D. C., January 21, 1879. 


Srp: I have the honor to transmit to you herewith a short report on 
the geographical work of the Green River division during the field 
season of 1877. : 

The party, consisting of seven men, left Green River City, Wyo., on 
June 1, and commenced work almost immediately. They continued 
work until the end of September, losing but one day during the season 
from bad weather. 

The season was an eminently successful one, and this success is due 
in no small part to my assistant, Mr. J. H. Mushbach, who worked 
throughout with his customary ability and care. 

As in previous years, my thanks are due to Dr. A. C. Peale, the geolo- 
gist of my party, for his assistance in my own work. - 

With high respect, I am, very truly, yours, 
HENRY GANNETT. 
Dr. F. V. HAYDEN, 

United States Geologist. 
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REPORT OF HENRY GANNETT, M. E. 


CHAP THRE 


METHODS OF WORK. 


The area assigned to the Green River division for survey during the 
season of 1877 was approximately a rectangle, limited in longitude by 
the meridians of 109° 30’ and 112° 00’, and in latitude by the parallels of 
41° 45’ and 43° 00’, embracing parts of Wyoming, Idaho, and Utah. The 
area of this “rectangle” is about 11,000 square miles. This district was 
surveyed, and then, the season not being ended, the work was continued 
westward to the meridian of 112° 30’, making the total area surveyed ° 
during the season about 13,000 square miles. One hundred and forty- 
seven stations were made with the gradienter, besides about two hun- . 
dred minor stations and locations. The number of horizontal angles 
measured was 9,200; of vertical angles (for relative height), 1,960. 


METHODS OF SURVEY. 


As a basis for the secondary triangulation and topographical work, 
twelve’ points, fairly distributed, were established by the primary trian- 
gulation within or near the district assigned me. The secondary trian- 
gulation was carried on by myself in connection with the topographical 
work, the instrument used being the “ gradienter,” a compact, strong, 
theodolite, reading to minutes. With this instrument twenty-two sec- 
ondary stations were located by closed triangles, while the other sta- 
tions were established by incomplete triangles and the “ three-point 
problem.” 

To illustrate the character of the secondary triangulation, the follow- 
ing triangles, with their summing up, are presented. Theasterisk after 
the name of a station indicates a primary station. 


Angle. 

C914) 12 Sos anak 2 ha rome Web cele remit eres a a em hte 25°13! 
Ao Se EOD IND SSS ea mn Pe ORs roe ages OP er ev a Sec paioe 19 14 
Baris"Peak*® ....-. . PER avs ERAT at et dnaemeh yA lel eek Es pte * 3 135 35 
180 02 

moda Peak*....... Deas ot BMPs cere acee sso cesandeadcupoens LUN ay 
rier che i Noo rel =, < wee Se wince cere nian seiner jst tb ey ae 41 28 
amram LUSTING CUIEE: 2-5. Ss wins nis Selena wane Se a EE eS ce gee 38 08 
180 06 


aStation 79 is the point established by this triangle. 
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Soda Peak* 
Paris Peak* 
Station 133) 


eoeee- cee ere seen tee eee sees twee eshte eee eto ese sso ee 
maecocteoxvreereteaececee eect eee ewe Rt A eee eee eee owe er Bow 


@esr.euveovsee wee-~-eee ceeeeeretseere2e2282 2 82227 e822 © eee Bese es 


Soda Peak* 
Snow Mountain 
Station 133 


eceresececere es ecec ee ee eee eo eee ake eee ese eee et ee ee eee 
eeeret eee t* eeaseeteecer eres eeecece ete eee ee ee ee ee 


Soda Peak* 
Station 97 
Paris Peak* 


ecacerer coeceece sex ececeeeseec tee eee See ee Fe ee eee he sw oe 
eee tee cr eeect ew Be cece eo esses ee eee eee ew we eee ee ee ee eo Hm 
. 


erecerrte eoaeses ee eet cs se Ce eee av 


Paris Peak* 
Station ¢£5* 
Station 38 


Ace* sce cease ececececn2 oeee ee ee eo e+:e Be ee see es tee Bee ce ew 
erence ecececece ecw et ws emeererecee eee eee ee eee ee ee te ee eee ee 


eeecee sete steer ee esc eee ee ew Bees Pe eee He Ce eH Ot ee ee Oe 


Paris Peak* 
Mount Preuss* 
Station 38 


ee er ecer ese eee ete se cee eee Pee ee ew eG Re et ete ee ee ee we ew 
ccc e enc eesti cee ec et eoee et eo cece ese oc ee eee ew we ee te he ee oO 


eeececceere ee ec eo so eb ees se eee ees eee ee ee ee ee ee ee eee Oe ee 


M@umtPretiss*.o¢ 5. 2c ee Ereietecieuses treet tel tot ope ee 
Station 55* 
Station 38 


ecmneererereccerzrc ee Rec esececesce © ae cee seat eee eze see we er Oe 


eccsceteceaereersc ce eeeceec eee ececeecee eae eee es eee oe eo ee ee ee 


cece eres ee ce asec et ceee ee ew Be Bee see ee ee ee ee oe Bs oe 


Station 135 
Station 133 
Snow Mountain 


weonaeereecer ee cee eee cee eee pee ees: ee2oVer see ese ee he ee Oo 


Station 132 
SEO NN eee Soke MP RAAT ps8 Mee ae Ad Mle Sr loa, 
Station 135 


eoeor oe coer e ese cece eco ee ee eae eee eee we ee tee eee eet ee ew 


~e Rees eee eee see eeceecree eer seeeceeee2e cose eee eee wee eae 


Station 133 
Paris Peak* 
Station 132 


m=Ree rH ecerrvieerenseseece2eseceose2 2ceete8 ete e%*e Beeee Sa OO 


ceseeeneeoeeteceee sees eec eee eee eae See ewe hee SOD Fw 


ere er veeete cece e ese cone eeas eceaees cee ee aes eee eee ee 
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179 56 


66-19 
38 03 
75 35 


179 57 
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Station 76 


SECONDARY TRIANGLES. 


ercesz veer ee es oe stew eeceece- cee ses cee eee ee ewe Be ee ee ee 


MEME OMEUU GUTH o-oo ac)io. 5-2 caro Saccverciciers aiererem oes ake ue 
"3c ih LAUT. Sey ee pit arrlanemin ss 0 50%) 88, rey © 


ecerecer eee eee ee cece vee cease eee eee ees eee ee ee ee eee ee 


S08) Gh LESS Sov. ota SE eR ere ee 
cE DLL PCE TT I pine ad eee ah mater ai ale 


Station’ 76 


ecrceeceerecese cee eee wee seee eee ec eee ees oe ee ee ee he ee eee 


ares a hte yal espns a! av erase crascj reine Slosate ape Mian ee a 
ME Te MREMDR Ore Pee ee OF ak ona sa saya utominnne vadchavan tego aucnevek areola sae 
EEL Ls Tyo: eR Rae We Lace Be Dh onal I oa preheat 


Process ec Soe sc dacidede sce EE on Bs = ctee Sea 


Station 96 
Station 97 


eecsesee2e2e2e2s wevseae eceaeete ee esee oo sees Be ee ee ew eB ee © 8 


eereece2ese Peee see ee2eeee282 2B@Otoep. eee223 BHt sBPFeeeooee ~s a> 


Soh 2 Be er em en we Se ene eee cee re tA AAR Oy 
SSMmERCMME NIGH UITALCULT I <comsiceau) soe. a rarctte a a/R apc eel eet re 
SLaSSLD SD: OU ae eee NOR RU Me De eNara pe VS Le 


ME VIGHENTERCIITN S35 6 oS. ne bw cer outed German SAS ee Bee 
UES 1) 82) 2 or vane mn Ane See iene mere tens ONE MAI ae Py 
SLOSS Th TLTL7/ Coe Sk ee Ci res eR tre i Sei ant ey ON Wet at 


ees ecevr ec et ea ee Pee et eee eee ee se ee ee ee ee ee eee ee ee ee 
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. Angle 

Snowelloumtanin. ees. ooo. es ere ea 26°21! 
Si aOn MO neers oo a x eces BR ie eo vesn ae terry aeees ayer peep ee a 114 28 
ALCON EA hes Oe so am ave) a neg eutoee area eke Drea 2 een na SOLS 
180 02 

Season 130 eid bale tiers Se A ae Oe aeons oe eae 26 52 
Ga tiOi: LBD iiss oe ad he 2 aa Ee es et | ee ADT ODT 
Station 129.. wen ee ee eee eee ee eee eee eee 25 43 
179 56 

Station 132..... Se es se eeou ss 4 i fopanni ons, eae Reape ee 14 03 
STAGLOMWi.: 2c ee ae ees Sk ates "Fb Wel alovaucveten ted pete habe ce oe ee 126 11 
ION ACO ice ee earn Dec tt ie ae Deal ee 89 47 
180 OL 

Station 76........- ee A SG Ge ecco AGS, cae Sea ehe a en ta 20. 22 
SSMLGES T1100 0. fo ed aon ee ae a supeaatr OER TR MUR el ME oth a itt okt ee 2a SARE 
SS CARO IN Oe foo oe csnay'ss osacsbeeey ace ayeh meee Meee Ce gee oe ee a 75.13 
179. 52 

SILT 10 We 4 Ro eee ae ata eh nae a Sea ee rR tS SPLAT A eee tS a7. 55 
SStETOTA AG eee Seo et 2 saoue a Soe aaa iota eure > OS RUB sf POUR EiE 
SU ETGID A fe cee seas ee a Tere gh eke Oe 2c i amie ae Oe er 44, 24. 
. 180. 10 
STEMS aU GS age seaboard MeN ANS See! es ee 43. 48 
RSS ES 1 HILO (Wel 0 Cee Ne te a Acti AU aR Bae Lik AE Se a Boa Gee eed hee Pat MES, 80. 21 
Sodaweeak ee OTe os Se ee Se res ee 55. 55 
180. 04 

Gunsight Mountain .........- ee eae Paes ctiete! Attias} 77. 30 
SS HLHPE IL 1K 0) 0 Bel bebo a se Nl eich couse gene aac eM hy tl ek ny fh cals bit th DoS AALS 51. 40 
Seaton Oden tas Cee on ee ae Ne ee ee 50. 58 
180. 08 

SATTOTINS . 5) er 60 lant RAS gO ee eae 45. 05 
Gunsight Mountain: .:-. daeo2oos es Yee 98. 09 
hogan Peak ues 2595245 5G) errs Oe ea ee ee 36. 45 
179. 59 


The mean error of summing up of the above twenty-eight triangles is 
three minutes, or one minute to each angle. 

The triangles were corrected by distributing the errors among the 
angles, taking due account of the circumstances connected with the 
measurements at the different stations. On all these stations monu- 


«Station 79 is the point established by this triangle. 
b Station 78 is the point established by this triangle. 
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ments of stone, 5 feet in height, were erected at the time of occupation. 
Previous to occupation the natural summit of the station was sighted. 

The topography was secured as usual by map and perspective sketches. 
The former form the basis of the map. They were made by eye on an 
assumed scale, the distances and directions being estimated. The as- 
sumed scale of these sketches was one mile to an inch. In transferring 
these sketches to the map in the office, their inaccuracies are corrected 
by the exact location of all important points, as mountain peaks, buttes, 
angles of plateau, mouths and bends of streams, &c. In the area sur- 
veyed this season (13,000 square miles), about 1 000 points, besides the 
390 stations and substations, were located by ‘intersections of sight- 
lines, making, with the stations, a located point in every 10 square 
miles. 

Hlevations were measured by the mercurial barometer, aneroids, and 
the vertical are of the gradienter. During the season, base barometric 
observations were taken at the adjutant’s office at Fort Hall, Idaho. 
The height of this pcint was determined by the computation of coincident 
‘barometric observations for four months at this point and Corinne, Utah. 
Through the kindness of the Chief Signal Officer of the Army, the 
barometric observations at Salt Lake City also were furnished me for 
‘use as base observations. 

The heights of the camps, where more or less extended series of ob- 
servations were taken, were determined by direct reference to the base 
stations. The camps ranged in height from 4,500 to 7,000 feet, only one 
or two exceeding the latter height; hence in these cases there was lit- 
tle room for error due to the defects in the barometric formula. The 
heights of stations were determined by barometric reference to the 
camps at their bases, and by vertical angles with the gradienter from 
them, and, in addition, the stations were connected with one another by 
a complex system of vertical angles, in such a way that their relative 
heights were known, and thus all barometric measurements were reduced 
to a common point, so that the height of each station was a mean of all 
barometric measurements of stations. The heights of all located points 
were measured by dip angles. The heights of points of minor impor- 
tance were measured by aneroids, and referred for computation to the 
nearest camp. Aneroids were compared, every morning and evening, 
with the mercurial barometer. 

From the perspective sketches, aided by these measured heights 
(which number in the aggregate more than 1,500), the distribution on 
the map, of contours 200 feet apart vertically, has been effected with a 
considerable approach to accuracy. 
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LATITUDES, LONGITUDES, AND ELEVATIONS ABOVE SEA-LEVEL. 


TABLE I.—Towns, &e. 


Latitude. | Longitude. | Elevation. 


IBBINM LOMO RNOR sas animecauwic coed vassce@uceesioceecclscessesneee 42 22 111 18 a5, 78 
Black Rock, Idaho..... rides DI GOoS soda See aSoneciOS Sesasueeeeas 42 48 112 19 5, 500 
GM OUND NO sec anwieewacnin ss ou slcacenclsca=nnisieeacieiseseseeae 42 11 111 25 ad, 985 
eeENentena SbamOn, IdahOe occ. occa nto nce eceiewee eran see sncee scan as neeenas| ene cee eae eee aA 666 
Clarkson, Utah...-....... iehietiawiewawiociecueas seem see semeereeee 41 54 112 03 4, 800 
PODS a. LEGS 61 SS a PTE LIT 42 13] .112 02 a4, 893. 
Fish Haven, Idaho ..............---...- ARSECEACaesocee soogasencn 42 02 lll 24 ad, 932 
sEnpe GAH Ones mown cmincinen = oa) aweccleta\tae Seen = swarm ecto AalbSSaoe SSsado\|arans soseos 4, 783 
PRM o TT PAANO eo esse welds enc nena cmscstecccwccoscesaisicaacicms 42 O01 lll 49 b4, 516 
PRE RLO CLONAL O ONO eo ae aise cons <o-sc- scence euncancsecesecceacsaeee 42 28 11 22 5, 800 
Hai LOMAC Tide; Wibal = ooc- 2. cee scacs ence wercce cso sane seecee 41 47 112 07 aA, 300 
EtnatopE An kom bal aeteiaaino sien ete onto sle/ sues alc siealasiciseinnaia\ seller 41 48 lil 50 4, 500 
ernevs Stale: StatiOm, TdanO. .. sa cniccca are ccckcscwawcccat eebeee (ces aainenl seem eceees A, 933 
Laketown, Utah.........--.-- a6, 000 
Bei periy AGanO) - 25-65 .<0nccs => 6, 060 
sles ctcaat a Opie Dee er ates ores oteia’s = sa'cia/sien same guest nese ces aeecnee = b4, 509 
MVM eC hy el ANON a wales ccinw a aie a c'ss Sa'e rd wmaiccialcwaieeieelaaan aeweree aA, 700 
iprM owl eMU LaMses ccc sc ccccccuaece sate cuenaewnuedscteccesewcas I 6, 200 
RUPOHEMpUer lO AN On sass c des omen sac cnecescaceacaw avec sesenaneuoene a5, 793 
EVER EN NEC AHO oan v a tec cise ad om cis'sciew Sow susenled eae seem eeceee 5, 700 
SEPM GM i arn aintc a Scarce k aaa caine cuolwesiatecesiawSsee ase ou see aA, 500 
Peet ORE ee sen ie icee swe wen cadioweleuieccinsenoeeeueeen ame 5, 700 
SOneidagssloMWOLks) TdahOs ic 2. saccecescccsoceeascswscdacenseemee 6, 300 
COREL, ICE Ea) RY ee ee dee ae ee een eet a5, 760 
MERLOT POON SOS Ws Hacc e msde ooscae sateceisececls teu bat cemeniteoeee aA, 862 
Packer's (Bridge, Idaho.....-.-..---.<=-- aietdidtaluiwte aetelaralninre Saree 4, 500 
PAAVIS MI OMe es Saas Soe oe tok ck sale Saautee duct sjectame saa eee a5, 836 
LV AM OULU TAM ats ert cet siciaoe calhacSeaieee wees seca UeGeeanionemes 4, 500 
’ Pocatello Stage Station, Idaho aA, 512 
LEOIAIE Ye) O11 Ae eee oe ee 4, 700 
Red Rock Ranch, Tdaho.......... 64, 792 
PRICHMONGUtANG. cc. cecnn acces ace 64, 537 
ROSSPH OCHOA NOS 5 25).(a)2 5 eas atin om eninchiare oid dislacisiowaenin siecigosceienated Mone meseeece a4, 394 
Saint aMlexe lan. caccet cae ncaedaniaccwseu cs coestaccsoeewaaees a5, 932 
‘SHARETGE), TG eee ea eee ae ee Dee a Aer ener ae | 4, 800 
PMMiineld Utah.) 4 eos c obec cee ans cast pisisc cutee aduioseenmaeenes 41 50 J11 50 04; 565 
PUM ABSOLINC SH TAANO: ocs ac sSec -nccnencnosdsscadaueseessasecescenes 42 39 lll 36 65, 779 
Rigstau@ldanoe. 0.0250 2.25. oleic 2 panes ao ee 42 02 112 00 4, 600 


a Authority is Hayden’s Report for 1871 or 1872. 6 Authority is railroad levels. 


TABLE II.—Wountains. 


Latitude. | Longitude.| Elevation. 
WYOMING RANGE, WYOMING. 
(2) / uM ° / “ Feet. 
BPH onc men Gas SoU Seem eAeb on Oboe BEOODE qSbACHasaosSrseoos coeticn 42 25 20/110 39 30 9, 940 
Sia 4p 2 ss ko eeereseeoaee cseeo mbeeesrceserio id Soo sagdgeSoenic 29 20 30 00 9, 959 
a oe coding. Aen eeoeSO oe HOSS ORO se: Arie sccmcdaocgassececnssc 30 20 34 10 10, 575 
Les) stot eed Bee egoreneneeseopaeeperdnsssngachidconeo ccc ssoasises 30 20 42 20 9, 839 
SUTTON 497 4 Coo eds re Se eO See UB ECO COSDU rOcoS Imo SCocacraoneerdoas 30 30 26 10 10, 043 
BAH) 2 he So ein Se SN See eo o noe Wecordipoorecods aco uocerSecontic 30 40 38 00 10, 039 
Fe) ome ROS BEB EIEIO EI REO EE ILE RIO DI SerceIsacencon Sap et ODOC OnOIC 31 30 34 00 9, 925 
Tht see oc ASS Beep od SHO SbS SSrecoche cca tensboorscnacorcsoneshgss 32 30 37 «(20 10, 776 
eS nocd Hae Se OB DEERE EDSON SoM erSrio COO G SSS ceassctedontioe 32 50 37 20 10, 990 
SS con d4asectiG SBBBEES BenpEbe Beso bose cont oscciocoe sdososdssreHctoe 33 20 37 20 10, 972 
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| 
TaBLE T1.—Mountains—Continued. 


Latitude. | Longitude. | Elevation. 


WYOMING RANGE, wroMinc—Continued. 


(eo) i W ,o t “1 Feet. 

(MALT CYEE © 2 Sot ee See oh eS AAR OSU NA Gano nade dobeDbdunes 42 34 30/110 37 20 10, 972 
Se OR nc icistton ote dcvele oe Rerete rere ete ico ee eleteretee orate rete sieeietnsste 34 40 38 30 10, 910 
Station 48 ...... Siw eicin iw 2 dd /aswiSi ED Siar a eo oie lalla ore tet separa cree eee Biya A) 33 40 10, 972 
(Fae ee no aneroonodas sboosac ao noabddososdsendcadsunness 35 10 388 15 11, 056 
TGLEAG vis ves o ice ein nla SRS Se eee ee BEES oleae RO ce reP CREE Ree cm eae 35 20 33 20 10, 838 
DAG oa arse a gs dypinie coisa ee eae oe coe GE EE ee aero pieieact 35 30 33 00 10, 716 © 
Gone No.4) ve cereeeess ese see et neie ee eae ee ee enc ener riemcemee seater 35 30 88 00 11, 364 
PttA So 2 arctan cmihaecet a eacis Siete eee ieee este eee es ie cpopisiaieteersera (rset 36 00 36 40 10, 907 
Bu cAB) oon ce Sepsisee mae SObe Coes oes Oee ter Bice Geese EE Er team se ae 36 00 36 10 10, 999 

QE FAB) re be aoe ciainio lee = SRL cle nee Roe tatole nas Ser se nero ere opts Mec eee 36 15 35 30 11, 132 
Station 55 (Wyoming Bens) 36 15 37 «40 11, 490 © 
Coffin Mountain......-..--..- 36 30 88 00 11, 376 


34 00 10, 417 
34 20 10, 648 

35 15 10, 910 

36 05 10, 662 

38 15 19, 972 

32 50 10, 318 

32 40]. 10, 824 

36 10 10, 622 

34 30 10, 871 

33 30 10, 812 

38 30 11, 056 

33 30 10, 823 

35 20 11, 035 

36 30 11, 076 

38 30 10, 976 

38 30 10, 904 

38 30 10, 576 

33 00 10, 583 

34 30 11, 234. 

38 40 10, 576 

24 45 11, 276 

35 15 11, 147 

39 00 10, 926 

39 00 10, 679 

35 45| ~ 10,966 

35 45 10, 857 

36 00 10, 835 

39 10 9, 841 

36 15 - 10, 899 

39 00 10, 244 

37 00|  —-10, 451 

37 40 10, 446 

40 20 9, 628 

33 40 10, 366 

34 10 10, 416 

31 00 10, 386 

33 00 10, 456 

32 40 10, 490 

31 20 10, 411 

40 15 10, 535 

35 45 9, 855 

47 20 10, 131 

45 00 9, 899 

48 30 10, 809 

46 00 10, 757 

45 00 10, 874 

EMS Pan ed SER eT ian e Fake Meer SUNG IN DANN 38 00 47 00 - 10, 169 
a= 38 10 46 40 10, 572 
38 50 46 30 10, 494 
39 00 51 00 10, 441 
39 20 52 45 9, 967 
39 45 50 40 10, 444 
39 50 50 45 10, 590 
40 00 52 15 9, 863 
40 20 47 15 10. 529 
40 30 48 20 10, 263 
40 40 47 20 10, 518 
40 50 AT 5 10, 988 
41 30 47 30 10, 871 
41 40 47 35 10, 652 
42, 30 47 00 10, 796 
43 00 51 20 10, 158 
43 15 47 00 10, 903 


43 50 47 00 10, 865 


canxerr.] © LATITUDES, LONGITUDES, AND ELEVATIONS. 683 


TABLE II.—Mountains—Continued. 


Latitude. 


Longitude. | Elevation. 


. SALT RIVER RANGE, WYOMING—Continued. 


HESS cos cnctbesssondeoescosrise eens soo Siaieleletetnereatelatalcteraiaee eee 00 30 


LUSTING JARSISS) - <cgoohbesoocadboros bose caconccos sosepeceoanaccscnce 29 42 
SnepiPeGio me, LEBEN o> = ee ooc doneounegee prema cusrossorccccs So cecciec 30 30 
SRG OG - s+ ncnoqsnsconncemseaospbescrscerosscter se renosoenecers: 34 15 


BEAR RIVER RANGE, UTAH AND IDAHO. 


SHOVE] a OG YES IY IEG p I ee 8 ARB ppSeeeObenoS Ieebecosccraccsenreeicecoc 41 43 00 
Pal eent A epee ee ola ols Lie. oiays.nie SE cielm aie wicisiniu/olele tein) injataia| sree te tel oete 45 15 
MEUM OA see SLL aaa ise = cee win ecicte ee sme mete wimiewren 47 20 
Set Tiel Aten ea a a(n scloanss eee heaeeee ee cee eeeeeee er erac ae 47 30 
10—111 
em ERE In so oi cc vita dtsacuas wes cemsb hoes Cate ane ema ete cre 49 00 


ON maa tT Feet. 


110 46 50 10, 696 
47 10 10, 890 
47 20 10, 783 
51 20 9,785 
48 20 10, 971 
51 00 10, 084 
52 10 9, 654 
52 10 9, 872 
48 20 10, 846 
45 40 10, 850 
48 30 10, 592 
48 30 10, 711 
48 50 10, 548 
46 00 9, 800 
46 15 9, 990 
46 40 9, 983 
49 00 9, 968 
47 00 10, 027 
47 15 10, 400 
47 30 10, 105 
50 20 9, 642 
47 8 10, 057 
51 20 9, 325 
47 30 10, 054 
52 30 9, 872 
48 00 10, 028 
48 10 10, 036 
48 20 10, 116 
53 20 9, 830 
52 30 10, 000 
52 00 10, 307 
47. 45 10, 044 
51 30| - . 10,228 
48 50 10, 143 
51 10 10, 028 
51 10 10, 266 
49 15 10, 090 
49 30 10, 518 
56 20 9, 044 
54 5D 10, 108 
55 10 10, 200 
56 45 9, 490 

111 13 00 7, 856 
15 40 8, 943 
15. 20 9,271 
15° 10 9, 249 
16 40 9, 213 
17 10 9, 220 
8 00 8, 824 
7 50 8, 824 
15 il 9, 979 
19 00 8, 466 
15 20| . 8086 
19 00 7, 707 
19 40 ,719 
15 30 , 905 
20 50 7, 600 
24 00 6, 978 
24 40 7,141 
23 10 7, 499 
23 30 7, 428 
43 15 
46 20 7, 483 
45 20 8, 013 
38 30 7, 394 
42 00 8, 987 
43 00 10, 147 
32 20 8, 710 
44 00 7, 349 
43 30 9,714 
38 20 9, 014 
42 00 9, 724 
43 30 9, 561 
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TABLE II.—Mountains—Continued. 


BEAR RIVER RANGE, UTAH AND IDAHO—Continued. 


Be Ph eee peoowoos aegeood oop sos SSSs So soRueaOoncesasnuEeseaceoess 


Beh oe oe Coe nc onan oo senocerccods Honosesesreesscsetenossanaesoa 
43—131 ..----- Somoedongnsoponead se soones sees saceccoasocm oeccseesor 


Hell Are ners eter taiel tatedsietetnioleratalais mistainietencieieisimiataielntaisieleteteteta=iatatetetatete 
IG Garbi oan Wal Sues epraeratere erste rcmeaeisteretcle totals eta tere stint tate etelate sts erat ate nina fortatre 
Soda Peak.-...-.. 
North Soda Peak . 
SPEND aes isree ena 
Sunnah eee Sana aadooSsccaue Aeon oeseeaboodcer base 

SHED INDE — 5 samosomoodoad sons cos ssacecocos zsorsosese Seconacssne 


Gee Oe cise sees cismreictarelaretetente ee cine waltaie = Siemans mines eee ne Pie eae 
Station OTe Meee EE coin Gh Bt nie ea iche tatardiate tele so et ao eel Sateen apse meets 


EGO) esa tas Stee alae het cS clematis eye elo oi elaraters ekete ee ievern cia aietatalsiaiceate selene 


DEO ees 
Station 82 .- 
SUGIAI IRS RRE AS HORM Sher en Senn eS AA a Oe RC ecinoao 


BETWEEN THE UPPER VALLEY OF THE BEAR RIVER AND BEAR LAKE, 
UTAH AND IDAHO. 


Stahion: TO Se ose eee ae steered oie ec wicie cistere anaes cis eins eccreie a eimieretere 
Sao Ma OF: oss Gre hae ie ae ree tetare tole vale icine isai sate telat oe inied tare erantetarerers 
Stabronil Ogee ceee cn cen ebeate sem cissabiet ae eee eis sere wnieie imeciaerte 
StabiondlO5 2 Be Beis eee ee ebesicrs aia, a aie Sar aces ape be erote et aise siemeieeee 
Suai nO aKS ((UENKs) Walchya eters) -so ome cneccoocoboeeononoredoedanscac 
Premier a oe Me Nn A RE ere ie ere mies Seaton met Rete siesta wiciois 
S bao 04 tek Gok) Rs SR ys ai A re oy ciate ra yan Seam etapa eatin yaa 


Latitude. 


41 


41 


42 


Longitude. | Elevation. 

(o} Us u” Feet 

lili 41 45 9, 838 
42 20 9, 104 
40 20 9, 618 
43 45 9, 063 
43 30 9, 370 
40 46 10, 004 
42 05 9, 858 
40 40 9, 844 
42, 45 9, 787 
43 00 9, 521 
34 00 8, 625 
88 15 9, 453 
40 10 9, 905 
40 10 9, 451 
28 30 9, 137 
41 20 9, 094 
42 15 8, 649 
28 45 9, 203 
39 30 9, 663 
41 30 8, 643 
39 20 8, 424 
39 30 8, 321 
39 00 8, 950 
39 00 8,794 
35 10 9, 450 
36 00 9, 221 
33 380 9, 255 
34 10 9, 195 
34 40 8, 974 
35 20 9, 274 
35 45 9, 246 
34 30 9, 323 
35 05 8, 614 
36 00 8, 792 
46 00 7, 882 
37 00 8, 988 
33 12 9, 522 
34 00 9, 266 
35 00 9, 286 
34 00 9, 218 
34 00 9, 070 
39 30 7, 752 
44 45 9, 222 
33 «30 8, 786 
33 20 8, 522 
88 11 9, 683 
33 10 9, 413 
87 45 8, 909 
88 05 8, 554 
42)" 30! |2easeeeeeee 
47 00 6, 630 
40 15 7, 050 
40 30 7, 086 
39 40 7, 042 
38 30 6, 814 
39 20 6, 930 
39 40 6, 904 
44 20 7, 220 
44 50 7, 540 
46 30 7, 03 
46 45 6, 970 
48 00 6, 935 
56 30 6, 709 
20 30 7, 211 
17 50 7, 476 
6 40 7, 181 
3 05 7,170 
14 07 7, 795 
PAY esse 225-4 
2 20 7, 800 
AS) Woebaan ons sae 
1 15 7, 643 
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TABLE II.—Mountains—Continued. 


685 


BETWEEN THE UPPER VALLEY OF THE BEAR RIVER AND BEAR LAKE, 
UTAH AND IDAHO—Continued. 


25 lUB T eatiseree eps i oboedd sadoo gaoesesd soem sesagsacesoesosdoses 
Seni tit OS nd. 0c 5B EROS BE SSE SOS elena ee a yee Me 
een EN EE Stee aia'e minha sccm cia ca gicich nice wecelcccumanemcisecicnmad 
ee EEE ete tote at cin che Satie ct tins. wid ini iw mieiejawe rn Siete aren alvin wisiareie mawiatels 
RTI HO OIE RE se anc <a cities mo ac soca marcinicucace suscce cance cle male 
Sinan 100) . .come6dS6aec Chad BOO Sete E See sae aE Ste aa Some rosese 


Sein gy®, USI oc odd d SS eSB E BS SS co oe oR SGEse SO SE ESOT o SEO aNer SaSesta ase. 
reOROC Ka MEENOP ORD) So ccco aera sceeince ciswnesccceaseccsccmenns 
SERIO M RE merier aie c(a ae aac cite cic oaccceccawanccececemaciede cae 
Sith TSR . 10: SoS SOC SSE EEE ee AE Ea Se emer tae ayes 
Marsh Cone 5 


T5838 - ~~ 22 ww ne we nn ene en een eee ee ee eee 


Station 79 
Station 80 
Station 74 
Station 73 (Mount Putnam) 
IEA TOTIRT Cee Coe a a) asia cules ee auls su see wees cm eee eeEe ne eeae ae 


MALADE RANGE, BETWEEN CACHE AND MALADE VALLEYS, UTAH AND 
IDAHO. 


South gate of Bear River ..:--...------------ net aeisle nc eisenienesi soe 
Station 126 (north gate of Bear River).........------..----------- 
Ga PATtey See ee ae 2 on toe ca culs So tek eitete s dot des a ate eto ae ee Sate Sate 
Station 127 (Guu stoti tearm tain) ya... =l ean ieee eels 

Seen Re er eso clclarals Sarclds cja's wid dua vieyelnepeee es wae aeemjeeiaee 


Latitude. 


41 


Longitude. 


lil 


112 
111 


112 
111 
112 


111 


112 
111 


112 


Noe 
NorNINroaownonrns 


ee ——} e 
On we 


ADAP POITIr WOOO 


Elevation. 


Fect. 
7, 649 
7, 798 
7, 507 
7, 550 
7, 606 
7, 092 


6, 550 
5, 376 
8 029 
8 008 
7, 663 
7, 883 
7, 743 
7, 712 
7, 858 
9, 269 
7, 259 
7, 615 
7, 579 
7, 526 
7, 896 
7, 426 
7, 442 
7 588 
7, 519 
7, 131 
7, 156 
7, 302 
6, 290 
6, 690 
6, 688 
6, 384 
6, 953 
7, 006 
7, 483 
7, 830 
8, 125 
7, 762 
7, dial 
7, 685 
9,115 
9, 136 
8, 839 
9, 250 
9, 437 
9, 144 
9, 859 
6 311 
6, 923 
9, 063 
8, 933 
6, 772 


5, 690 
5, 582 
7, 456 
8, 306 
6, 895 
7, 306 
7, 085 
7,131 
6, 22 

8, 395 
8, 200 
7, 868 
8, 607 
8, 805 
9, 332 
9, 332 
9, 244 
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TABLE II.—Mountains—Continued. 


7 


BANNACK RANGE, IDAHO. 


° / Uh fo} 4 Wt Feet. 

iWiestWialade Mountain ..s.2:becc4: ssccceeecee see eee teen eae 42 20 00 |112 20 00 9, 220 
BHARION 195 .. on. ca 2's cus cageplbee Ae S-Di 23 30 17 50 8, 931 
36 50 19 30 8, 729 

37 15 19 30 8, 783 

37 45 19 30 8, 681 

39 45 19 30 8, 065 

40 00|~ 20 50 8, 687 

Ft ORM WOME RCL ee BE WR aE AE pan odie cas ake 40 45 21 00} . 8,763 
Station V7 scdcch oes Green tonne tee te Puch eae, tere aa eas 40 50 21 00 8, 764 
es: ee mR NES MEN: ed BAR GE TS SEE ye Sa 41 50 19 40 8, 087 
i | a Re EOL ig ERS aT Gams NY AGEN 44 45 21 00 7, 380 


TABLE IIJ.—Height of the timber line. 


Latitude. | Elevation. 


On Station 48, Wyoming Range ......-.-.----------------------------------- 42 35 10 10, 700 
On Station 55, Wyoming, Range--_---..----- ooo en ee nnn 36 15 11, 160 
On Station 56; Salt River RanGe: so. oe oe i eee ween pee ew an 49 50 10, 170 
Onl Station 52 yWryomine whan Gey 2 = soe .o esse sae ete eel ta aaa alee aint 53 00 10, 900 


On Station 57; Salt River’ Rane: —--- 2-22-22 - oe een ee ee 43 00 10 10, 000 


The limit of timber in the Salt River Range seems to be abnormally 
low. In the Wyoming Range it agrees quite closely with the hight in 
other ranges in the same latitude. 

No peaks in the Bear River Range are above:the limit of timber, and 
the peaks in the other ranges in this rectangle do not reach it. 


TABLE [V.—Divides and passes. 


Thompson’s Pass, Wyoming Range, Wyoming.-.---.-.----------------------- 8, 686 
McDougal’s Pass, Salt River Range, Wyoming. .-------------------+-----+---- 9, 300 
McDougal’s Gap, Wyoming Range, Wyoming .-----.----- .----- ------+------ 8, 343 
Divide on Lander’s road from Smith’s Fork of Bear River to Labarge Creek, 
WiyOmingy ns 22! <2 282. jee << nie oe eee een ee ee es 8, 872 
Divide between Crow and Smoking Creeks, Idaho ...--. .--- ----------------- 6, 890 


Divide on Lander’s road between Smoking Creek and Blackfoot River, Idaho. 7, 255 
Divide on Lander’s road between Blackfoot River and John Day’s Lake, Idaho. 6,800 


Divide on Lander’s road between Blackfoot and Portneuf Rivers, Idaho.-.---..- 6, 149 
Divide between the Upper Portneuf and Ross Fork, Idaho ...--..----.------- 6, 430 
Divide on the trail from Laketown to Logan, over the Bear River Range, 

Utah 25. ie tonne aE aes ome Rare Sete De ae hae J bs 2 ces 7, 130 
Divide on the trail from Bloomington to Franklin, Idaho, over the Bear River 

MRanane, 22s Nee ee aici einm obo eminem cecum ele che een ate eee ts eee 8, 830 
Divide on the road from Ovid to Gentile Valley, Idaho, over the Bear River 

Name Pe sae ee seis eine ie tewinc au seimiela ne yee nie a ole eee fee ee ae 7, 329 
Malad emDivaid ees ses cee...) seco seen eee sae ae ser eee siete aia na cies Eie ees ee 5, 690 
Red Rock Gap (railroad levels)...--..-----.----------------------- +-+------- 4,792 > 


Divide between the Bear and Blackfoot Rivers, north of Soda Springs (rail- 
POAC TOVEIS) sence teeas wes ceeres ce culeeene hoe ee eon ees aeeen saree eee 6, 210 


Latitude. Longitude. | Elevation. . 
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TABLE V.—Approximate latitudes, longitudes, and elevations of important stream junctions. 


Latitude. | Longitude. | Elevation. 


Mouth of Little Sandy Creek ween eens een ns ween nese enn 42 06 00) 109 27 30 6, 519 
Mouth of Big Sandy River 41 50 30] ‘109 48 00 6, 240 
Migr eOn Sle) CTCCK ~. 2 ow wo oe ne een eee nn 42 00 00} 110 02 00 6, 500 
Mouth of Fontenelic Creek .......--.....-.-...-.--.-.....-.. 42 04 30] 110 08 30 6, 620 
Manumon wabaree Creole... 6.66.6 n an ce cce mew eneeena =n seen = 42 13 00; 110 09 30 6, 650 
Soren Gis Jean Cet eS Bee eee eone re soeesacoseeOere ase aso sea 42 31 30] 110 04 30 6, 815 
Month of Bitterroot Creek .-----.--------.--------.---------- 42 31 40] 110 04 20 6, 820 
Mouth of White Clay Creek.-.-...-..-...-..-.--..----------- 42 31 45] 110 04 00 6, 825 
Monuthot Heather Creek ----- 2 o.oo oo on eer en ee none ene 42 24 00] 110 05 30 6, 686 
Mouth of Marsh Creek..-.....--.-- “oo agansss Scnecdessecsesse 42 41 00}] 109 59 00 6, 976 
ulimiin GP LEG es\3 (Oe) eee eee eee eng aneoeer cesses pocs. 42 52 20) 110 03 30 7, 180 
Mouth of Lead Creek ..--.- Ve DMiL Seco: cesses scanceceeeeaeene 42°59 20] 110 08 00 7, 383 
Mouth of New Fork of the Green...........-..-..:..-------- 42 34 00] 109 58 30 6, 900 
Monin ofWallow) Creeks == sae daen. eae oe ne see ce aes === ene 42 51 00) li 55 00 5, 450 
om ba On SUNG lS) HOG 2 oe. ack veces a ee eeee = oem ae ilae llme 42 05 20| 110 59 00 6, 223 
Momronromebhomas) POrk -.~-...0c<c--0s-aesecscuasaecese ---| 42 12 20} 111 04 30 6, 125 
Weangh ofl win Creelc (Upper) .-.5----.---------2--2-coen--4° 41 48 40| 111 03 45 6, 300 
Mouth of Twin Creek (Lower) ...----...---.-------------06-- 42 27 50| 111 24 00° 5, 939 
Monuhion Crow, Creek. -.---..--.-5-.--s--cceee -| 42 43 40] 110 58 40 6, 313 
Mouth of South Fork of Blackfoot River-...-....---..------. A An ADs tite bea 6, 350 
Mouth of Littie Blackfoot River ......-.....-.--.------------ 42 54 00] 111 37 00 6, 100 
iwitrntiin or (Oma Ringe) ee aa AR See ooeeoS pee reronSereoone Sener oases 41 53 40] 111 53 20 4, 425 
Mouth of Logan Fork...-----.---..0--22- +--+. eee enee ee e----- 41 48 00] 111 58 00 4,375 
Wonth of Blacksmith’s Pork. -..-.......--2-2--cscecn--0--2= Ss 00s te eli 5230 4, 500 
Monuh of Marshi@reck2- =. oo. en ccc wenn sane 42 46 30} 112 14 00 4, 600 
nul viii OH Dey) Cree 6 Sea ge oocseeeoneernser Mo ocr ene peceesrs. 42 07 15) 111 56 30 4, 480 
Minn hon ohiOrcek tes .cccccnsscedoie seuost occ nenscnaeguass 41 56 30] 111 50° 00 4, 500 
allyjiuila (OF WG Gh Oe) 2 ee Seo peso coSnere eC oebod Senor ecoesdaces 41 44 00); 111 57 00 4, 400 
Mouth of John Day’s River ......- ----.-.-0.0.---000---+---- 43 10 00] 111 01 00 5, 400 
MemibeOr: Sag RLVOl o<2 <= -cecercwsisecincwccced here see sce 43 10 00} 111 04 00 5, 383 
Wanita ei G ACEP CLECs hos cece wen cm cinecinonseesedeeeecen- 42 53 00] 111 50 00 5, 800 
Month ot MceDoural’s Creek . ---- 5.00222 20- cnc ccneeccceenss= 42 52 00) 110 438 00 6, 761 
NMimnnr Oty SM akin ONGC. 25 con ean aniancac= omaeneenaaceaas==a 41 48 00] 111 00 00 6, 00C 
Mouth of Little Malade River 42 07 00} 112 18 00 4, 625 
Mouth of Mill Creek ......-...- 42 05 00) 112 16 00 4,600 — 
Mouth of Devil Creek..-..- 42 05 00| 112 17 00 4, 600 
snes LLO) CLCOK = fce aa /alcjeqa nce cme cujcee olseneclamalnninienaee 42 08 30} 111 55 00 4, 498 
3 TABLE VI.—Slopes of streams. 
From mouth : Fall per 
of Big Sandy.| Elevation. Tale, 
SESEN RIVER. Miles Feet Feet 
Mooi onrleat) CLOG o- ccs. enon oo eee a aee secede enae= emai m eer 11 | 7,383 ee 
DUI 2ceece co en ee seen res ete ees S 5 105 | 7, 280 17.2 
90 | 7, 036 163 
Mouth of New Fork ..--..--..---: Pease as 74 | 6,900 8.5 
Mouth of Piney Creek -....-.-..--..-..------- ‘ BBsoniabs 68 | 6, 815 14,2 
Mouth of Feather Creek 58 | 6, 686 12.9 
Month of Hontencilo Creek .-- 2... --- ccna eran teem sae nme mn 29 | 6, 620 2.3 
¢ 11 } 6,366 14.6 
Month Of bic Sandy River... 22... .----3- enc eeennneomnenannns yom 0 | 6,240 iL 
BEAR RIVER. Miles from 
mouth. 
At Evanston, WY0..---.2---202 ceseee cece ee ene n es een e ne senna ae ceeens 20D Nees een eet | aerate 
253 | 6,776 R. R. 135.5 
Rae On eB Noe Fd oe an eect sceana cous an abebwebacebscmeneGeus 251 | 6,505R.B.| 19.0 
243 | 6,353 R. R. 3.7 
216 | 6, 254 2.1 
Month of Smith's Fork -.....-2.00cecsenceensnencoenneeenemseceeane 201 | 6,223 R.R. 8.7 
177 | 6,015R.R.} 15.0 
e 176 | 6,000 R. R. 2.2 
Foot of cation (enter Bear Lake Valley) -..------------------------- 171 | 5, 989 4.3 
: : 155 | 5,920)R.R.}.2---2.- 
153 | 5,913 R. R. 3.5 
151 | 5,900 R. R. 6.5 
Soda Springs, Idaho...........- .-20-----002 eneeee enee=s enseenconse= 125 | 5, 855 R. R. 1.6 
Bend below Sheep Rock. ....--.-..----------+ ee-02-----+------ ae 113 | 5, 737 9.8 
NG Sip ONO Genres = nine aca cence wees caine ela Siem isl e)mim i= eam wale oc 108 | 5,522 R. R. 43.0 
Head of cation at foot of Gentile Valley........----.-.----- ostaeces 88 | 4,692 R. R. 41.5 
Foot of cation at foot of Gentile Valley..--..-.--....-.-.--.--.----- 73 | 4,609 R. R. 5.5 
Monthiofe bauble) Creek: 2.65 c= cine monn aaineee ae amie oeieinta ie aimee see 66 | 4, 499 16.7 
ELE! Ge GRRE) sea cet ease on eeceesbcceer ese oS cocescosstmeneedoctodd 30 | 4, 450 1.6 
PGA PLOW SST SO cos oem am = = an anemia ol ieee sc meee males eease sale 24 | 4,353 16. 2 
IMGT . 05-5 see Qos eaeoosesoeessocracse sonas Soossoseseenasscocssss 0} 4,218R.R 5.6 


(BR. BR. signifies that the heights are the results of railroad levels.) 
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TABLE V1I.—Slopes of streams—Continued. 


From mouth 


of Big Sandy. 


JOHN DAY’S RIVER. Miles from 
mouth. s 
4 
Mouth of McDougal’s Creek ....... fomacooss omletemusceeeecacesenes 3] 
WT Segoe cor gee sos ooasacaoar costagoNsOOT ORO Seno pagoneoonoesoe 0 
SALT RIVER. 


Its mean fall per mile from the mouth of Crow Creek to ils mouth 
is 24.5 feet. 


BLACKFOOT RIVER. Miles. 

First crossing of Lander’s road, near head of stream...... Sbonccmce re 
32 
Second crossing of Lander’s road....-...--2--.-2--------0----e0---- 12 
Where Lander’s road finally leaves. .........----0--0-0---seee0----- 0 

PORTNEUF RIVER. Miles from 

preceding. 
Crossineyot Wanderisiroadessceseereraeseeienesaeetesanee seen seat see sean er 
12 
Head of bend loess eens eco ces wate e ene matinee aeeemeee 14 
Foot of lower bend (enter Snake River Plains) ...-..--..-----.----- 31 


Elevation. 


6, 850 
6,550 
6, 266 
6, 069 
5, 600 


5, 760 


5,470 


5, 367 
5, 086 
4, 565 


‘Fall per 
ile. 


Most of the above latitudes and longitudes are approximate, having 


been scaled off from the map. 


CHAPTER Ml. 


PHYSICAL FEATURES. 


The district is drained by the Green, Snake, and Bear Rivers and their 
branches. The areas drained respectively by these three streams are 
as follows: Green River, 5,223 square miles; Bear River, 4,898 square 
miles; and the Snake, 2,879 square miles. 

The area is characterized by broad meridional valleys, separated by 
short, mainly simple mountain ranges. There is a very noticeable ab- 
sence of timber; it is only on the slopes of the higher mountain ranges 
that any is found, while not only the valleys but the hills and many of 
the mountain ranges, especially in the western part, are treeless. The 

Wyoming, Salt River, and Bear River Ranges comprise practically all 
the timbered areas. There is abundant pasturage of the best quality, 
not only in the valleys, but over the hills and the minor mountain 
ranges. Hxceptin the case of the Green River Basin, where all the waters 
cannot be used, the amount of arable land is measured by the quantity 
of water available for irrigation. 

On Smoking Creek, a large western branch of Salt River, are exten- 
sive deposits of salt, to which the river owes its names. 


DRAINAGE AREA OF GREEN RIVER. 


Green River, one of the forks of the Colorado of the West, rises in the 
western slopes of the Wind River Mountains, near Union Pass, and pur- 
sues a general southerly course to its junction with the Grand. It flows 
from north to south, in general course, across the district under consid- 
eration, in a broad valley known as the Green River Basin. Of that 
portion of its drainage area with which we are here concerned, this basin 
forms the larger part, though the tributaries of Green River extend some 
distance into the mountains on either side. 


THE GREEN RIVER BASIN. 


Extending from latitude 43° southward to the Uinta Mountains, and 
from the Wind River Range westward tothe Wyoming Range, is a broad! 
valley, with a surface generally flat and unbroken, semi-desert in char- 
acter, with a gravel or clay soil. Its length is about 140 miles, its mea 
breadth 75 miles, and its area about 10,000 square miles. 

On the northwest the Basin rises to a rim, beyond which the country 
breaks off abruptly to a much lower level, forming the valley of Hoback’s 
River, a large branch of the Snake. North of this valley rises the mag- 
nificent wall of the Gros Ventre Range, trending northwest and connect- 
ing the Wind River and Wyoming Ranges. The Wind River Range, 
trending north-northwest, limits the Basin on the east as far south as the 
South Pass. Beyond this range to the southward the Basin has no well- 
defined eastern limit, but merges gradually into the sterile plateaus which: 
form the Continental Divide. On the south, the transverse range of the 
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Uintas forms the boundary, through which the Green River winds in deep 
gorges. The southern half of the western limit is as ill-defined as on the 
east, the land rising gradually to a plateau which separates the Green. 
from the drainage of the Bear. Proceeding north, this plateau rises, 
becomes cut into long, narrow, meridional ridges, which I have named the 
“Absaroka Ridges,” and which, farther north, are eroded into mountains, 
forming what is known as the Wyoming Range. At the east base of 
this range, the lip or rim of the basin is very strongly marked, sloping 
gradually down to the valley on the east and breaking off abruptly on 
the west, leaving a narrow meridional valley, crossed by numerous 
branches of the Green between the rim and the mountains. Within my 
district, the Green occupies a position several miles west of the middle 
line of the Basin. 

In the upper part of the Basin, the Green receives numerous large 
branches. Most of the streams from the western slope of the Wind 
River Mountains collect into one large river, the New Fork, fordable | 
with difficulty even at low stages of the water. This joins the main 
stream in latitude 42° 34/ 00”, longitude 109° 58/ 30”. The country in 
this upper part of the Basin is devoid of timber, but well grassed and 
watered. The soil, however, is gravelly, and the elevation is too great 
to allow it to be used for agriculture, or for a cattle range, except in 
summer. 

From the Wyoming Range and the Absaroka Ridges, which may be 
considered as its southern extension, the Green receives numerous large 
_ branches, which, after tortuous courses through the mountain canons, cut 
their way through the rim of the Basin and thence meander peacefully 
eastward to join the main stream. The principal of these western 
branches of the Green, commencing at the north, are Lead, Horse, 
Marsh, White Clay, Bitterroot, Piney, La Barge, Fontenelle, and Slate 
Creeks, and Ham’s Fork. All these streams, with the sole exception of 
Slate Creek, carry considerable water throughout the year. Lead and 
White Clay Creeks are the only ones of these which do not reach the 
mountains, and they are the only ones of these western branches of the 
Green which, heading in the Basin rim, are constant runners. In July 
the former is about 6 feet in width, 6 inches in depth, and carries not 
more than 10 cubic feet of water per second. This creek enters the 
Green on the north line of my district. Above and below its mouth the 
Green is a rapid, clear stream, with a current of about 5 feet per see- 
ond. On either side, the country stretches back in great level expanses. 
but slightly raised above the river, occasionally varied by hill-masses. 
The soil is gravelly, with low sage and some grass. The river flows 
south for 6 miles, then turns east and hugs closely the base of a group 
of hills, the remains of a high bench, on the left. Near the foot of this 
eastern bend, Horse Creek joins it. 

The country between Lead and Horse Creeks is mainly flat, but 
diversified to some extent by the remains of benches of a higher level. 

Horse Creek is one of the largest of these western branches, car- 
rying, in July, nearly 200 cubic feet of water per second, and fordable 
in high water with the greatest difficulty. It drains quite a large 
area of the Wyoming Range, collecting all its small afiluents into 
two main branches in the valley behind the Basin rim; these two forks 
break through the rim, uniting in the basin several miles above the mouth 
of the creek. For four or five miles this stream and the Green flow 
side by side in the same broad bottom-land before uniting, forming 
one of the finest areas of meadow-land on the river. Here both streams 
ure very sluggish and winding, with many. sloughs, backwaters, chan-. 


a 
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nels, and islands. Two or three miles below the mouth of Horse 

Creek the river turns again to the south and its velocity increases. 

Throughout its course, as far as it has fallen under my observation in 

the Basin, an eastern or western course is accompanied by a marked de- 

crease in velocity. It is bordered on the left-hand side, as far down as 

the mouth of Slate Creek, by a high bench 200 to 300 feet above the 
river, the normal level of the interior of the Basin. In most places the 
edge of this bench is bluff, sometimes precipitous, but in certain places 
presents easy slopes to the river. Throughout the greater part of the 
distance its edge is two or three miles back from the river, but in places ° 
the river flows close under its bluff wall. 

As we go south from Horse Creek, the country becomes more undu- 
lating and hilly, with buttes, bluffs, &c., the remains, as above, of higher 

formations. It becomes, also, more forbidding in aspect. Patches of 
_snow-white alkali diversify the yellow surface; the sage becomes more 
stunted, and cacti are seen more frequently. Marsh and White Clay 
Creeks flow through this country. The former stream carries about 100 
cubic feet of water, which, near its mouth, is decidedly alkaline. It col- 
lects its tributaries behind the rim of the Basin, through which it forces 
its way. The latter stream heads in the basin-rim. It is a small stream, 
, owing in a deep arroyo cut in the stiff clay which here forms the soil. 
‘The water is thick and white with alkali, and utterly unfit to drink. 

At the mouth of the New Fork the Green turns nearly west, flowing 
in this course for about seven miles, then turns abruptly to the south 
again. At this bend it receives the contributions of White Clay, Bit- 
terroot, and Piney Creek. The last two are good-sized streams of clear, 
sweet water, each delivering about 100 cubic feet per second in July. 

They come from the Wyoming Range, and, like Marsh and Horse Creeks, 
collect their waters in the meridional valley back of the basin-rim. The 
country between and about them is much more uniform than farther 
north, and there is a decided decrease in the amount of alkali, accom- 
panied by a change for the better in the character of the vegetation. 

Below the mouth of Horse Creek, the Green is in a bottom-land from 
one to two miles in width, but narrowed in some places by the advance 
of the bluffs. This bottom is limited on the west by low bluffs, perhaps 
50 feet in average height. Opposite the mouth of New Fork these blutts 
increase in height until they rival those on the east side of the river, but — 
almost immediately break away and disappear, and at the bend where 
the Bitterroot and Piney enter there are no bluffs whatever. The bot- 
tom-lands of the river contain no timber except cottonwood, which form 
an almost continuous belt of fine, large trees. 

Following the river down, we find it preserving an almost southerly 
course, with broad bottoms containing magnificient groves of cotton- 

wood and richly carpeted with grass. Between the Piney and the La 
Barge, a distance of 254 miles, the only water entering the river is a wet- 
weather stream, known as Feather Creek. The country west of the 
river has become more broken. Great masses of plateau, with clean, 
sharp-cut edges appear, and back of them a long mountain ridge, trend- 
ing south, and known as La Barge Mountain, becomes a prominent ob- 
ject in the landscape. It stands a few miles east of the Basin-rim and 
rises to an equal height with it. In its northern end heads Feather 
Creek, while past its southern end La Barge Creek flows, collecting the 
drainage of that part of the mountain. — . 

La Barge and Fontenelle Creeks are considerable streams, the former 
carrying about 75, the latter about 50, cubic feet per second. They head 
in the Absaroka Ridges, which form the southern continuation of the 
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Wyoming Range. Nearly all of their upper branches flow southerly, in. 
narrow valleys “between these ridges, cutting across them in short, close 
canons, and collecting against the basin-rim to force their way through it. 

In its course across: the basin, La Barge Creek, after passing La Barge 
Mountain, is bordered on the north by low, flat country, but on the south 
the land rises immediately into a plateau which separates it from Fonte- 
nelle Creek, and, extending down to Green River, breaks off in a bluff 
edge. This plateau, far fre om presenting a-uniform surface, is cut into 
shreds by erosion. A small alkaline creek flows from it into the Green 
between La Barge and Fontenelle Creeks. The Green makes a short 
offset to the east just below the mouth of this small creek, and another 
at the mouth of the Fontenelle. 

_ Fontenelle Creek is so named after one of the best known of the early 
fur-traders of this region. It flows in anarrow valley, bordered on either 
side by low blutis, which rise to a plateau level, covered with sage, 
among which grass is sparingly distributed. 

Slate Creek is a small alkaline stream much vexed by beaver dams. 
It rises just outside the basin-rim, cuts a cadon through it vastly out of 
proportion to its size, and thence flows east to the Green, on the top of 
the plateau, which here has become depressed to the general level of 
the drainage. Near its mouth Green River emerges from between the 
broken bluff walls in which it has been confined below the mouth of . 
La Barge Creek, and, turning southeast, flows off to join the Big Sandy. 
Though confined above by bluff walls 200 to 300 feet im height, the 
river has broad and beautiful bottom-lands, green with grass and cot-: 
tonwood groves, in this section, from the La Barge to Slate Creek. Be- 
low the latter the bluffs are low, and in | places entirely wanting, while 
the river-bottom preserves its character of breadth and fertility to the 
south line of my district. ' 

The country west of the river and south of Slate Creek is scarcely 
broken, except by dry water-courses and one or two long lines of low 
blufis, until Ham’s Fork is reached, on the south line of the area under 
consideration. This stream, which i in high water is scarcely fordable, in 
the fall of the year dwindles to an insignificant creek. In its drainage 
area and length, however, it exceeds any of the other western branches 
of the Green which we have considered. It heads in and west of the 
meridional ridges, its main stream reaching bebind and as far north as 
the sources of the Fontenelle. After flowi ing southward through a 
broad basin in the hills for many miles, it turns eastward; cuts its. way 
out into the Green River Basin; there it flows nearly southeast, and 
finally, after a course of nearly 40 miles in the basin, it unites with 
Black’s Fork, at Granger, a station on the Union Pacific Railroad. 

The Big Sandy is the first stream to enter the Green from the east: 
below the mouth of the New Fork, in a distance of 63 miles. Itis at. 
the mouth a large stream, fordable with difficulty at high water, and at 
a medium stage « carrying ‘about 200 cubic feet per second. Tt draws all 
its water from. the Wind River Mountains, its farthest source being 
against the most southerly branches of the New Fork. The stream 
leaves the mountains as a full-grown river but a few miles south of 
Willow Creek, and immediately turns to the south, flowing down the 
east side of the valley quite close to the base of the mountains. For 
many miles it receives no tributaries of any importance from the east, 
and throughout its course none whatever from the west. Indeed, the 
only branch of any importance which it receives outside of the mount- 
ains is the Little Sandy, a small stream from the southern end of the. 
Wind River Range. 
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~The Big Sandy is of small importance in an economic point of view. 


_ Its waters can be used in irrigation only to a very limited extent, as it 
_ is in low rock canon through a great part of its length, and its bottoms, 
_ where there are any, are very narrow. 


; 


The country south of the lower course of this stream and east of Green 


_ River is a desert without possibility of amelioration through human 
agencies. The soil is drifting sand, alkaline clay, baked smooth and 


hard, or loose, friable clay, produced by the disintegration of masses of 


“bad land.” Water can by no possibility be brought to it. 


Farther up the Big Sandy, the strip lying between the stream and 


_ the foothills of the Wind River Range shows in the natural state a de- 


cided improvement. Sage is the predominating growth, as everywhere, 


but some fine bunch-grass is to be found in it. There is, however, no 
possibility of irrigating it. 


The great area lying between the Big Sandy and the Green, an area 
30 miles in width and at least 60 in length, is entirely without water. 
Like the Great Plains, it is not perfectly level, but slightly rolling, ris- 
ing and sinking in long swells. This is the plateau, or bench, which on 
the west edge breaks off in bluffs to the Green. This, also, as far as 
being of use to man is concerned, is a desert, as water cannot be 
economically brought up on its surface. Sage is everywhere abundant, 
but grass is very scarce. It may be fair to suppose that here the fug'- 


tive name “Great American Desert,” after having been driven half 


way across the continent, has at last found a resting place. 
THE WYOMING RANGE. 


This range lies west of the northern part of the Green River Basin; 
southward, it runs out into long north and south ridges, which gradually 
decrease in elevation, merging into the plateau about the head of the 
“« Muddies.” It is limited on the west by the caiion-like valley of John 
Day’s River, a large tributary of Snake River. Its length, considering 
its southern end to be at Thompson’s Pass, is, within this district, about 
35 miles, while its average breadth is about 8 miles. Most of the drain- 
age of the range goes off to the eastward into Horse, Marsh, Bitterroot, 
and Piney Creeks, while on the west side, along most of its length, it 
presents a sheer continuous wall to the valley of John Day’s River. 
Two tributaries of John Day’s River, only, head up into the range to any 
great distance, the southern one, McDougal’s Creek, heading in Me- 
Dougal’s Gap. The elevation of the peaks ranges from 10,000 to 11,000 
feet, and the two highest peaks are respectively 11,276 and 11,490 feet 
above sea-level. f 

The principal passes in this range are Thompson’s, at its southern end, 
at the head of the southern branch of the Piney, and McDougal’s Gap, 
25 miles farther north. There is a great difference in elevation between 
the east and west bases of the range, which at the latter pass amounts 
to 1,500 feet. This pass, or gap, is cut down very nearly to the eastern 
base of the range, so that the stream on the east, a branch of Marsh 
Creek, has very little fall, while, on the other hand, the ascent from the 
west is very steep, being 1,500 feet in about 8 miles, and the greater 
part of this is in the first two miles from the sun‘mit. ‘The cation of this 
creek is very narrow and difficult to traverse on account of swamps, 
fallen timber, and rock slides. A heavy trail, however, crosses the 
range here, and it is probably one of the main routes of the Shoshone 
and Bannack Indians. Farther north, an old trail crosses the range at 
-a great elevation, but I was unable to examine the route throughout. 
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This range, with the Absaroka Ridges to the southward, is timbered 
from the base, though nowhere heavily. In the high valleys there is 
some large valuable timber, but the amount of this is limited. As we 
proceed southward the timber decreases, and the country about the upper 
waters of Slate Creek and Ham’s Fork is alniost destitute of it. These 
rolling hills and plateaus into which the Wyoming Range has degener- 
ated are covered with the best of grass for pasturage. 


JOHN DAY’S RIVER. 


This stream heads near the southern ends of the Wyoming and Salt 
River Ranges and flows somewhat west of north to the Snake River. 
It is named from one of the early trappers of the region. Its valley is 
narrow and cafion-like throughout. At flood-height the stream is barely 
fordable, and carries fully 3,000 cubic feet per second. Its low-water 
flow is probably not more than one-third as much. — 

The valley, or, more properly, the slopes of the mountains contain a 
considerable quantity of excellent timber which can easily be trans- 
ported by water to settlements on the Snake River. 


THE SALT RIVER RANGE. 


This range stands west of the valley of John Day’s River, separating 
it from the Salt River Valley. It is a sparsely timbered, rugged range, 
not as high as the Wyoming Range by fully 1,000 feet. Its length 
within the district is about 30 miles, or about 40 miles altogether, as it 
is cut short on the north by the Snake River, which here passes by its 
_ northern end. Southward it runs out into meridional ridges part and 
and parcel of the southern continuation of the Wyoming Range. The 
latter, however, are drained southward by the head streams. of Smith’s 
Fork of Bear Riv er. 

Though this range can be crossed by animals in several places, 
there is. but one pass in the range proper which is in common use— 
that known as McDougal’s Pass. This McDougal, whose name figures 
80 prominently in this part of the country, was ‘another leading charac- 
ter in the days of the fur companies. This pass is quite high, leading 
one nearly to the top of the range, but is not difficult for pack ‘animals. 
Early in the season, indeed, throughout July even, there is a great 
amount of snow in its approaches, especially on the western side of the 
summit. It is impossible to avoid it, and the only way is to travel across 
the great snow fields, doing so early in the morning before the sun has 
softened the surface. When I crossed this pass, which was on the 17th 
of July, there was, besides many large snow-banks east of the summit, 
one immense field just west of the head of the pass, completely filling 
the caflon and extending down it fully three miles. Of its depth one 
could form no idea, except that it must have been enormous. Whether 
it is a glacier could not be ‘determined, as snow completely covered 
everything. 

THE SALT RIVER VALLEY. 


Salt River is an important southern branch of the Snake, entering it 
about three miles west of the mouth of John Day’s River. It heads far 
to the south, opposite branches of Smith’s and Thomas’ Forks of Bear 
River, among bare, rolling hills. Collecting its branches at a point nearly 
west of the south end of the Salt River Mountains, it pursues a course 
nearly north down a broad valley, of which it occupies the western mar- 
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gin. Tn this valley it receives several deat branches from the Salt 
River Range, and two, Crow and Smoking Creeks, from the hills which 
limit its valley on the west. 

The valley has a length of forty-five miles, with an average width of 
about five miles. Its surface i is flat and unbroken, except in one place, 
where there is a broad hill or bit of plateau which has forced the river 
into canon. In several places near the river the valley is swampy, but 
generally it is dry, with a coarse, gravelly soil, of little value for agri- 
culture. Grass is abundant and of excellent quality, and as a grazing 
region, especially in winter, I should judge it to be well adapted. On 
the west side of the valley the country rises sharply into plateau-like 
hills, well grassed. Further back these plateau-levels rise to a range 
of sparsely wooded hills, which separate the drainage of Salt River from 
that of the Blackfoot. To the southward these broken hills rise into 

‘Imountains, of which Mount Preuss is the culminating point, and then 
again decrease in elevation towards Bear River. ' 


THE BASIN OF THE BLACKFOOT. 


This stream, a branch of the Snake, which it enters a few miles west 
of Fort Hall, pursues a curiously sinuous course. Heading in the hills 
opposite Smoking Creek, it flows at first nearly west, then turns to the 
south, and after flowing in this course for several miles, on meeting a 
northward-flowing branch, it compromises with it by turning again to 
the west. On this course, varied by occasional short turns to the south, 
it passes through a range of hills, a spur from the Mount Preuss - 


- group, and around the south margin of a valley called by some fanciful 


map-maker the ‘“ Hollow Hand,” on the way receiving two large 
branches from the south. The second of these turns the main stream 
to its own direction, and a northward course is assumed, but, flowing 
against a basalt wall, the stream is forced to resume its western course. 
Then, on reaching a depression in the field of basalt, the stream crosses 
it to its northern edge, passing with sluggish current through great 
swamp areas. Reaching the hills on the north side of this basalt-field, 
outliers of the Blackfoot Range, it turns west again, then northwest, 
clearing the basalt and running in among the hills. Here we lose sight 
of this “delectable stream, whose waters are now lukewarm and full of 
vegetable matter from their long stay in Swampy regions. 
- The basin of this stream extends north to the north line of my dis- 
trict. On the east it is limited by the hills separating it from Salt 
River drainage; on the south, a range of high, sparsely-timbered hills 
divides it from the Bear River; while on the west the divide is some- 
where in a broad field of basalt. The northern part of this basin is 
floored with basalt, out of which rise numerous ridges and buttes to a 
considerable height. The southern part is occupied by northward-trend- 
ing spurs from the mountains, between which are broad valleys, in or 
across which flow streams tributary to the main river. The basalt re- 
gion is characterized by great areas of swamps. John Day’s Lake, just 
beyond the north line of my district, is the largest one of them. It is 
not, properly speaking, a’ lake, although there is, even in the dry sea- 
son, quite a large body of standing water in the middle of the swamp. 
-The Blackfoot flow s through a very large swamp in crossing the basalt 
field, as was noticed above. The Little Blackfoot enters it in this 
swamp, and further up its course the latter stream passes through 
another large Swa_ip. 
The floor of the Blackfoot Basin, or the “Hollow Hand,” has a very 
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uniform elevation, and the streams have very little fall throughout. 
The height of the basin ranges from 6,000 to 6,300 feet. 
There is no timber in the basin, but sage and grass are abundant 
everywhere. The buttes and ridges that diversify the surface have some 
small quaking aspens on their sheltered slopes. 


THE VALLEYS OF THE PORTNEUF AND MARSH CREEK. 


Still travelling westward, we cross a great field of basalt, with here 
and there an extinct crater with its characteristic shape admirably pre- 
served, and passing through a gap in a-range of low, broken hills, the 
passage-way fora stream of lava, we enter another broad, flat valley—that 
on the upper course of the Portneuf. This stream, a large branch of 
the Snake, also pursues a tortuous course to effect a junction with the 
main river. Heading near the north line of my district, it flows nearly 
south for 36 miles, in the last 14 of which it gradually works its way 
into the Portneuf Range. ‘Then it boldly turns west and carves a cation 
for itself through the range and flows out into its lower valley. Here, 
in former times, it was joined by Marsh Creek, a long stream which 
drains the broad southward extension of this valley ; ‘but a stream of 
basalt which flowed through the cation of the Portneuf entered the val- 
ley on the left-hand side of the river and separated the streams, and by 
filling up the bottom of the valley crowded them over on either side. 
For 10 miles below their former junction, these streams now flow apart, 
joining at the foot of the valley, where the Portneuf turns again to the 
west to effect a passage through the Bannack Range. This tongue of | 
basalt which separates the streams i is nowhere two miles i in width, while 
its average breadth is only a mile. Judging from some of the older 
maps of this region, one might suppose that the flow of basalt which 
separated these streams was of very recent occurrence, indeed, within 
the present century. 

The Portneuf passes the Bannack Range in a narrow cafion-like val- ° 
ley, then turns northwest, while the mountains recede on the right and 
left, and finally it reaches the Snake in the great basalt plain near the 
site of Old Fort Hall. 

The upper valley of the Portneuf is one with that of the Bear, known 
as “Gentile Valley,” the divide between the two streams being Py broad. 
flat field of basalt. Along the Portneuf the valley is very fine for agri- 
cultural purposes, although the supply of water is very limited, the Por t- 
neuf here being scarcely worthy of being dignified with the name of river. 
Pasturage is excellent, both in the valley and in the hills on either side. 
The elevation is about 5,000 feet. Below the cation there is little land 
valuable for agriculture, but on the benches and lower slopes of the 
mountains there is much fine grazing. Passing down the river past the 
Bannack Range, we enter a bay of the Snake River plains, and here we 
again find some arable land with excellent grazing over large areas of 
plains and Lills. 

The southern and broader part of the lower valley of the Portneuf is 
occupied by its main tributary, Marsh Creek, a sluggish, Sel stream, © 
as its name indicates. This valley has a maximum width of 5 miles by 
a length of 12 miles from the head to the point where the Portneuf en- 
ters it. Its surface is floored with old lake deposits of gravel and finer 
material from the ancient Lake Bonneville, the progenitor of the Great 
Salt Lake of the present day. At its southern end this valley connects 
with Cache Valley. by Red Rock Gap, a notch in the-hills, whose level is 
not higher than that of the valleys on either hand. The eap is Very nar- 


GANNETT. ] THE BANNACK RESERVATION. 697 


row, affording passage only fora wagon road and the Utah and Northern 
Railroad, while a rock standing in the middle of the gap contracts the pas- 
sage-way stillmore. The summit ofthe gap is on a great divide or water- 
parting—that between the Great Basin and the Columbia River; in other 
words, the Pacific; yet here the drainage of these two systems has a 
water connection, a marsh extending across the pass from Marsh Creek 
on the one side to Marsh Creek on the other. At its southern end, also, 
this valley of Marsh Creek is connected with the Malade Valley, in 
which is a large branch of Bear River, known as Malade, Reed, or Roseau 
River. The pass or divide connecting these valleys is much higher 
than that of Red Rock, being 5,690 feet above the sea. 

Marsh Creek Valley has much fine farming land in the broad creek 
bottoms and at the bases of the ranges which border it on all sides. 
The supply of water for irrigation, however, is very limited, and will re- 
strict the farming land to a small area. The whole valley, with the 
lower slopes of the surrounding mountains, may be classed as grazing 
land. 

THE BANNACK RESERVATION. 


The valley of Marsh Creek and the Lower Portneuf form a part of the 
reservation for the Bannack Indians. The limits of this reservation are 
thus defined by executive order of June 17, 1867: ‘“‘ Commencing on the 
south bank of Snake River, at the junction of the Portneuf River with 
the said Snake River; thence south 25 miles to the summit of the 
mountains dividing the waters of the Bear from those of Snake River; 
thence easterly along the summit of said range of mountains 70 miles to 
point where Sublette’s road crosses said divide; thence north about 50 
miles to Blackfoot River; thence down said stream to its junction with 
Snake River; thence down Snake River to the place of beginning.” 
Owing to a want of even the most general geographical knowledge re- 
garding this region, this order contains several impossible conditions. 
There is no mountain range trending eastward, separating the waters 
of the Snake from those of the Bear. All the ranges of the region trend 
north and south, and the divide in question follows no one of them any 
considerable distance. Moreover, the divide, which crosses valleys and 
ranges, though as a whole it makes easting, has in different places 
every course except west, nearly boxing the compass. Still, the mean- 
ing of the order is apparent, and the surveyor who ran the lines inter- 
preted itrightly. He ran south from the mouth of the Portneuf to the 
crest of the divide; then, turning to the left, he followed it across valleys 
and ranges, through all its ramifications, until it reached Sublette’s, 
toad, where he turned north and ran to the Blackfoot, completing it as 
the order reads. 

DRAINAGE AREA OF BEAR RIVER. 


Bear River heads in the northern slopes of the Uinta Mountains, and 
from their base flows nearly north. The Union Pacific Railroad crosses 
it at Evanston, Wyo., near the western line cf the Territory. From 
Evanston it continues in its northerly course for about 65 miles, most of 
the distance being in a broad valiey. it enters the district wnder con- 
sideration in this broad valley, flowing nearly on the surface, with little — 
or no bluffs. Its current is very sluggish; the water consequently deep 
and the bottom soft and treacherous. Consequently, although it is not 
a large stream, fording places in this part are rare. On August 24 the 
stream was gauged in this valley, above the mouth of Smith’s Fork, and 
found to carry but 112 cubic feet of water per second. It had been a 
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very dry season, and this is probably less than its usual capacity at this 
season. This valley is limited on the east by a range of high, bare hills, 
beyond which are the upper waters of Ham’s Fork. On the west rises. 
amass of hills which separate the Bear from Bear Lake. The width of 
this valley is about 2 miles; its length within the district is 25 miles. 
This valley ranges in height from 6,200 to 6,500 feet above the sea. It 
is exposed, and the winters are rather severe. Still, several ranches have 
been settled in sheltered localities, and cattle graze over the hills or 
pick up a seanty sustenance among the sage and greasewood of the 
valley. At the foot of this valley Smith’s Fork enters the river from 
the north. It drains the parallel ridges which run south from the Salt 
River Range. Its valley and those of its tributaries are narrow and of 
little value to the agriculturist. The Bear flows northwest for several 
miles after receiving Smith’s Fork, hugging closely the base of the hills 
on the left, until, entering the valley of Thomas’ Fork, it turns to a west 
course, and is jomed by Thomas’ Fork, a second large branch from the 
right. The valley of Thomas’ Fork is one of the finest in the section, 
being 13 miles long by an average of .3 in width. The soil is very fer- 
tile and the valley well sheltered by mountain ranges on either side. 
The stream heads opposite Crow and Beaver Creeks, branches of Salt 
River. It also receives large branches from the Preuss Range and 
smaller streams from the range opposite. Below the junction with 
Thomas’ Fork, the Bear pursues a winding, sinuous course through a 
narrow valley, in which it crosses a range of hills, the southern exten- 
sion of the Preuss Range. This portion of its course contains some very 
fine bottom-land, which is rapidly being settled. From among these 
hills the river emerges into the valley of Bear Lake. This valley, lying 
on the east side of the Bear River Range, has a total length in a direc- 
tion somewhat west of north of 70 miles, with a maximum width of 12 
miles, and a mean width of about 6 miles. On the east the valley is 
bordered by the Preuss Range and the hills farther to the south, which 
separate this valley from that of the Upper Bear. On the south it is 
terminated abruptly by high, bare hills; on the north it closes in grad- 
ually, extending as far as the Soda Springs. 

The southern part of the valley is occupied by Bear Lake, leaving but 
a narrow strip of valley land between its shore and the mountains on the 
east, south, and west. It is a beautiful sheet of water, nearly oval in 
shape, 19 miles long by 7 wide, with an area of 125 square miles, hemmed 
in closely on three sides by mountains, which, on the east, rise abruptly 
in cliffs from the water’s edge. Several fine streams, rising in magnifi- 
cent cold springs at the base of the mountains, supply the lake. On the 
east, south, and half of the west side, the shore is a beautifully clean 
gravel beach. The rest of the west shore is marshy. On the north a 
natural dam separates it from the “ Lower Lake,” a vast swamp which 
in high water becomes a lake with marshy shores, while at other times 
the only standing water is in its southeastern corner. The “dam” is a 
narrow strip of land, but a few yards in width, extending across the 
northern end of the lake. Two breaks in it allow the waters of Bear 
Lake to flow out. 

Bear River flows through the swamps of the “ Lower Lake,” gradually 
Sweeping around to a course nearly north, and flowing on the west side 
of the valley, close under the bluffs. In the swamp and farther down 
the valley it is joined by a number of fine streams from the Bear River 
JKange, and by two from the Preuss Range. The river has increased in 
size very much. On August 17 it was measured at the Soda Springs, 
at the foot of this valley, and found to carry 1,000 cubic feet per second. 


‘ 
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At the northern end of the-Bear River Range the river turns abruptly 
from northwest to south, sweeping closely by the foot of the precipitous 
“Sheep Rock,” and hug os the western base of the range, while the valley 
continues its former course to the north-northwest, becoming at first the 
broad flat divide between the Bear and the Blackfoot, and finally open- 
ing out into the great basalt plain in which the latter stream flows. The 
Soda Springs, called by Frémont the “ Beer Springs,” are on the north 
side of the Bear, very near the head of the bend. They are quite 
numerous, scattered over an area of several square miles; all are cold, 


‘except one. The water is highly charged with carbonic-acid gas, which 


te 


is given off copiously. -Many of them deposit carbonate of lime, forming 
mounds and coating rapidly whatever foreign matters are in the springs. 
A few miies above the bend the river enters a basalt field, coming down 
from the north and filling the whole valley. The river crosses this field 
twice before reaching the bend, and below the latter it is for several 
miles crowded by it up against the base of the mountains. Then it starts 
westward, on top of the basalt, whose surface is here somewhat lower 
than near the Soda Springs. In its westward course the river cuts down 
through the basalt, soon making for itself a canon. Its fall in this part — 
is very rapid indeed, covering its surface with foam. It is here in the 
southern continuation of the upper valley of the Portneuf, here known 
as Gentile Valley, the few settlers not being of the Mormon persuasion. 

Having crossed the basalt to the western side of the valley, the river 
turus to the south, bordered on the right by the base of the Portneuf 
Range, on the left by a black precipitous wall of basalt. In a few miles 


it reaches the southern extremity of this field of voleanie rock, and 


enters what is more properly Gentile Valley—a fine, but narrow v alley, 
fertile, and easily irrigated either from the Bear or from the numerous 
streams which descend from the mountains on either side. Below this 
valley the river flows through a caiion in a spur of the Bear River Range, 
by which the latter makes : a low connection with the Portneuf Range. 
This canon has a maximum depth of 1,200 feet, and is very narrow and 
rugged. Emerging from this, the river enters Cache Valley, the garden 
of Utah. This beautiful valley is surrounded by mountains on all sides. 
The Malade Range, a direct continuation of the Wahsatch, protects it 
from the west winds; the Portneuf Range comes to an end at its northern 
end, while on the east the rugged summits of the Bear River Range rise 
abruptly from the fertile plain. On the south, a high saddle connects 
the latter with the Wahsatch. The length of the valley in a north and 
south direction is about 50 miles, while its maximum breadth is 15 miles. 
Its area is 500 square miles, On the north, Red Rock Gap, between 
the Malade and Portneuf Ranges, affords easy access to the valley 
of Marsh Creek. Practicable routes to the northward lead to Soda 
Springs, and several passes over the Bear Biver Mountains give access 
to the valley of Bear Lake and the country beyond. A great depres- 
sion in the Malade Range gives easy communication with Malade Valley 
and the settlements on the shores of Great Salt Lake, the latter of which 
are also reached by going out of the valley southward and then travers- 
ing the Wahsatch ‘Ran ge by the gap of Box Elder Creek, or the Ogden 
River. The valley is drained by the Bear River, which, ’ entering it on 
the northwest, flows down near its middle line and makes an exit w est- 
ward through the Malade Range, cutting a narrow notch, known as the 
‘¢ Gates,” through the range at the point of depression mentioned above. 
The mountains send down numerous streams to water the valley and 
swell the volume of the river. Following down the east side of the 
valley, we first.cross Mink Creek, a good-sized stream, carrying about 50 
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cubic feet of water, and flowing in a narrow valley bordered by bare, 
rolling hilis. Next we come to Cub River, a stream which, where it 
enters the valley, is twice as large as the latter. This stream flows to the 
southward parallel to the Bear, keeping near the eastern edge of the 
valley for several miles, collecting the waters of several fine mountain 
streams, which it finally discharges into the Bear. Still going south, 
Wwe cross a succession of branches of Cub River and the Bear. On the 
south line of my district, we reach Logan Fork, the largest tributary to 
the Bear within Cache Valley. This stream heads in the heart of the 
Bear River Mountains, collecting its waters trom all directions, but 
mainly from the north. Entering the valley, it takes a wide sweep to 
the south and west, receiving the contributions of Blacksmith’s Fork 
and Muddy River, the former from the Bear River Mountains, the latter 
from the Wahsatch Range, and joining the Bear afew miles above the 
Gates. 

On the right-hand side of the valley the tributaries of the Bear are 
neither as large nor as numerous. Battle Creek headsin bare, rolling hills 
at the southern end of the Portneuf Range, and flows into the Bear a 
few miles below the foot of the canon. It is a small stream, known 
chiefly from the fact that its mouth is the scene of a bloody battle be- 
tween the California Volunteers, under General Connor, and a large 
body of Bannacks, in which the latter were nearly all sent to happy 
_ hunting grounds and the power of the tribe was broken. A mile below 
this point is the mouth of Deep Creek, which heads in the mountains 
about Red Rock Gap. Weston Creek, from the Malade Range, enters a 
few miles farther down, and, near the Gates, a small creek, from the same 
range, completes the branches from that side. 

Cache Valley is very well settled, almost entirely by Mormons. There 
are no less than fifteen towns in the valley. On the west side of the val- 
ley, close to the base of the mountains, are Franklin, Richmond, Smith- 
field, Hyde Park, Logan, Providence, Millville, Hyrum, and Paradise, 
while on the west side of the valley are Oxford, Clifton, Newton, Clark- 
son, Mendon, and Wellville. 

The principal, indeed, almost the only occupation of these people is 
farming. The farms extend from the towns down towards the middle of 
the valley. The land in the lower parts of the valley, towards the river, 
is marshy in spring and early summer, making irrigation unnecessary. 

All kinds of cereals, all vegetables known to a temperate climate, 
and, what is rare in the West, many fruits, are among the products of 

this valley. Apples of fine quality are raised in the greatest abundance, 
_ and many varieties of plums. Peaches are cultivated to some extent, 
but not with as great success as in the Salt Lake Valley, where their» 
production is one of the chief industries of the farmers. 

Emerging from the narrow gap of the Gates, the Bear enters the large 
valley of the Malade. This lies west of Cache Valley, and, like it, trends 
nearly north and south. It has a length of 50 miles and a mean breadth 
of 3 or 4 miles. 

The valley of the Malade completes the lowlands of the Bear River 
drainage. The Malade, formerly known as the Reed or Roseau River, 
derives its present name from the fact that its water is unfit to drink, 
by reason, probably, of the large amount of decaying vegetable matter 
which, in its sluggish course, it receives and holds in suspension. 

Fhe most northern branch of the Malade, known as the Little Malade, 
heads far to the northwest, opposite the head of Bannack Creek and in 
the valley west of that of Marsh Creek. The main body of water of the 
Malade River proper comes from an immense spring in the northwest 
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part of its valley. Other streams, bringing considerable bodies of water, 
head in the mountains about the Malade Divide and in the western 


‘ slopes of the Malade Range. Collecting just below Malade City, these 


- 


streams form a good- sized + river, which flows from the middle of the val- 
ley with a sluggish course and a bed slightly depressed below the level 
of the valley. After reaching the neighborhood of the Bear, it flows 
along parallel and very near to it for several miles, joining it but a short 
distance above where it enters Great Salt Lake. 

Malade Valley is a fine, fertile valley, settled almost entirely by Mor- 
mons, who have built several towns within it. Among them are Malade 
‘City, Samaria, Portage, and Plymouth. As elsewhere throughout the 
Mor eo settlements, agriculture is the principal occupation of the 
people : 

Leaving now the valleys of this western section, we will take a glance 
at the mountain ranges which separate them. In them all we notice a 
remarkable absence of timber. With the exception of the Bear River 
Range, which contains a large amount of excellent timber, they are al- 
most without this kind of vegetation. On some it is found scattered 
over certain areas, but not in ‘lar ge quantity, and in quality and size it 
is inferior. The lower slopes and foothills of the mountains are every- 
where bare of trees, being covered with sage and grass. 

The Portneuf Range extends southward trom latitude 43° to the north 
end of Cache Valley, trending almost on a meridian. It is a broken, 
irregular range, varying oveatly i in height and breadth. Midway of its 
length it is cut through. by the Portneut i in its passage from its upper to 
its lower valley. On the east of the range is the upper valley of the 
Portneuf, with the valley-divide between this stream and the Bear and 
Gentile Valley. On the west is Marsh Creek Valley. 

This range commences on the north with Mount Putnam, rising 
abruptly from the valley of Ross Fork, a branch of the Portneuf. The 
height of this peak, one of the highest of the range, is &,933 feet. A 


- broad summit 4 or 5 miles to the east, distinguished as Station 74, 


has a nearly equal height. Then follows southward a long and very 
considerable depression, followed by a rise, culminating in a group of 
peaks of which Station 76, 9,115 feet, is the highest. Then the range 
breaks down to afford passage to the Portneuf. South of this gap the: 
range is more complex. Snow Mountain, 9,269 feet, is the highest sum- 
mnit in the southern section, and is a centre whence several spurs set off 
to the north and south. Farther to the south the range spreads out in 
a broad area of low, rolling, bare hills, which limit Cache Valley on the 
north. 

» West of Marsh Creek Valley is a high, abrupt range, for which I pro- 
posethe name of the “Bannack” Range. Itis in two sections, connected 
by a long, low depression opposite ‘the middle portion of the Marsh 
Creek Valley. The northern section consists mainly of two long moun- 
tain ridges, the highest points of which were occupied as Stations 77 and 
‘78 respectively. 

The southern section rises from the Malade Divide, and southward it 
extends some distance into the Malade Valley. Its summit consists of 
a rugged ridge rising considerably at each end. The northern summit 
was occupied as Station 135. Its height is 8,931 feet, while the height of 
the southern summit is 9,220 feet. 

Turning now to the ranges separating parts of the sinuous course of 
the Bear, we meet first the mass of hills lying between the upper valley 
of the Bear and that of Bear Lake. Northward we find a high moun- 
tain mass, which I have called the Preuss Range, the central figure of 


702 REPORT UNITED STATES GEOLOGICAL SURVEY. 


which is Mount Preuss. From this mass several-spurs, of much 
lower elevation, put out. One heavy spur runs northward, connecting 
with Caribou Mountain, a few miles north of my district, and separating: © 
the Blackfoot from Salt River. Another trends northwest and divides 
the Bear from the Blackfoot, while a third goes south and separates the 
valley of Thomas’ Fork from the Bear, below Bear Lake. This spur, 
greatly decreased in altitude, is cut through by the Bear, below the. 
mouth of Thomas’ Fork, in its passage from its upper valley to that of 
Bear Lake. South of this cafion the hills rise again to a considerable 
elevation, and broaden out, forming the divide between Bear Lake and 
the upper valley of the Bear. In their highest part, a few miles south 
of the Bear River, these hills reach altitudes of nearly 8,000 feet. 
Thence southward; they diminish in elevation and 1 in detail, degener ating 

into a broad plateau. 

While in this neighborhood, mention must be made of a short range 
of high mountains which separate Smith’s and Thomas’ Forks of the Bear. 
At its south end this range rises abruptly from the former stream near 
its mouth. The range increases in height by successive steps, one bare, 
round summit rising above another until the highest crest, Station 38, 
is reached, at an altitude of 9,223 feet. Then follows a precipitous notch, 
cut clear down to the level of Thomas’ Fork by a stream which heads 
in the east face of the range. Beyond, the range consists of a close 
cluster of peaks, having very nearly the same height as Station 38; then 
a gentle and uniform slope of the ridge for several miles, followed by a 
precipice of several hundred feet, brings us down to the level of a branch — 
of Thomas’ Fork, at the north end of this range. 


THE BEAR RIVER RANGE. 


This range separates Bear Lake Valley on the east from Cache and 
Gentile Valleys on the west. It is a broad range, especially in its 
southern part, where it becomes quite complex in its structure. It is 
quite heavily timbered, except on the lower slopes, with conifers, while 
below their limit quaking aspen forms beautiful groves. 

The north end of the range is at the northern bend of the Bear, near 
the Soda Springs, where the river flows around the precipitous ‘Sheep 
Rock.” Soda Peak, a round-topped summit 9,683 feet high, is the cul- 
minating peak of the northern part of the range. From it the crest 
runs westward two or three miles, then turns north, and, gradually fall- 
ing, ends at Sheep Rock. Eastward from Soda Peak, heavy plateau-like 
masses, much lower than the peak, extend eastward towards the Bear 
River. The crest runs nearly south from the mountain, gradually de- 
creasing in height until North Pass, the lowest point of this great de- 
pression in the ran ge,isreached. Thence itrises from summit to summit 
and gradually becomes broader, the streams at first flowing from the 
eastern part of the range westward. Here the range has in general 
outline the form of a plateau, broad on top, with steep, in some places 
precipitous slopes, particularly on the west. Paris Peak, 9,522 feet high, 
is situated on the eastern edge of the range. Beyond this dominating 
summit the eastern-bound streams drain to the western border of the 
range, while the latter presents a sheer wall to the west. Still going 
southward, the range rapidly becomes broader and is divided into several 
north and south ridges by tributaries of the Bear. We distinguish, first, 
on the west or Cache Valley side, a high, extremely rugged - range, the 
highest of the series, rising abruptly from the smooth level of the val- 
ley. The dip of the rocks is toward the east, so that they present the 
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edges of the upturned strata to the valley. Climbing these mountains 

from the west is difficult and dangerous, while from the east, the slope 
being on the dip of the strata, the slopes, though steep (25° to 30°), are 
smooth and none of the ruggedness of the west side appears. Stations 
121 and 123 (Logan Peak) are among the highest of this wilderness of 
peaks, being respectively 9,905 and 10,004 feet above sea-level. West 
of this ridge are the cation valleys of Cub River, flowing north, and of 
Logan Fork, flowing south, separated by a high saddle. 

Hast of the caiion of Cub River, the range rises again, with Station 
113 as its highest summit in this part. Beyond, the drainage is east- 
ward to Bear Lake. Southward from Station 113 its ridge degene- 
rates into lower, heavily-wooded spurs, separating the canons of large 
branches of Logan Fork, which here drains the range eastward to the 
extreme eastern ridge. This, and the rugged western range, become 
the highest ridges, leaving a basin of heavy-timbered ridges and spurs 
between them. This character holds to the south line of 1 my district. 

Logan Fork cuts its way through the western range to Cache Valley 
on my southern line, making a tremendous gorge, 3 ,000 to 4,000 feet in 
depth, very rugged, and sharply cut. Altogether, it is one of the finest 
mountain cations in the West. 


THE MALADE RANGE. 


This isthe direct continuation of the Wahsatch, though separated from 
it by a very long, low depression about the Gates of the Bear. It lies 
on the west side of Cache Valley, separating it from that of the Malade. 
It is characterized by two culminating. groups of peaks, near its north- 
ern and southern ends, connected by a broad mass of hills or low moun- 
tains. Station 132 , the culmihating point of the northern group, has 
an elevation of 9, 339 feet; while the highest point of the southern 
group, Gunsight Mountain, occupied as Station 127, is 8,306 feet above 
sea. 

On the west side of the Malade Valley stands a mass of bare, grassy 
hills, separating it from the valley of Blue Spring Creek. 


CEA Pate ay. 


ARABLE, PASTURE AND TIMBERED AREAS. 


The area of that part of the Green River Basin comprised within the 
rectangle under consideration is 4,300 square miles. In the latter part of 
June, near the time of spring floods, the river was gauged at Robingon’s 
Ferry, about five miles below the mouth of the Big Sandy, and found 
to carry 13,620 cubic feet per second. From the marks of the highest 
floods upon its banks, it was estimated that the highest floods carry 
down 18,500 cubic feet per second. At its medium stage its flow is not 
more than one-half that at the time of gauging, i. ¢., 7,000 cubic feet per 
second. This is much more than can ever be utilized for irrigation in 
the basin. The northern part of the basin is too high ever to be of 
much value for agricultural purposes. Farther down, the amount of 
land which can be reached by water from the river is somewhat lim- 
ited. On the east, the high bluff wall which foilows the river cannot 
profitably be surmounted by ditches; so that the immense area between 
the Green and Big Sandy must forever remain as it is, a sage-brush 
desert. It is only for a few miles above the mouth of the Big Sandy 
that water can be brought to any part of this great area. 

The bottom-lands of the Green can everywhere be easily irrigated. 
These range in width from a half-mile to two miles. Besides these the 
bench on the west side of the river can be reached by water in certain 
localities and considerable areas irrigated, but the main source of 
water for irrigation must come from the side streams from the west. 
Most of these flow on or near the surface of the plain, and water can be 
carried laterally to some distance, covering areas which, in most cases, 
will be sufficient to absorb all the water of the streams. Such is the 
case with Marsh, Bitterroot, Piney, and probably La Barge Creeks. The 
Fontenelle is enclosed by plufts, which limit its irrigable area to a strip 
only about a mile in width. 

Below the mouth of Slate Creek, the Green flows nearly on the sur- 
face of the plain, with bluffs comparatively low, and a large extent of 
land on the right as well as on the left can be reached by ditches. 

The Big Sandy flows for most of its course in low rock cation, and the 
amount of its irrigable land is small. Although itis very difficult to set 
the limit of irrigation in this basin, still it is safe to say that not more 
than 700 square miles of valuable land can be reached by water. This 
area will necessarily include the best part of the pasturage of the basin, ° 
that in the bottom-lands of the streams, leaving only the scattering 
grass among the sage, which in most localities is very scattering, 1m-- 
proving, however, in the northern part and near the western rim with 
the greater altitude. 

On Ham’s Fork, near its head, is an area of perhaps 50 square miles, 
which can be rendered pr oductive. 

On John Day’s River there is no arable land. Salt River Valley is 
about 25 miles long, with an average width of 4 miles. Most of this 
can be irrigated, but the soil of the middle part of the valley only is of 
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value, as near the mountains it is gravelly. Narrow strips of valuable 
land extend up Smoking, Crow, and Beaver Creeks for several miles. 

In the valleys of the Blackfoot and its branches there is much val- 
uable land—more than there is water for. The upper valley of the 
river, and the valleys in which the South Fork flows and which it crosses, 
can be made productive. So with a large part of the valley of the 
Little Blackfoot. On the main stream little can be irrigated of the 
basalt field beyond the bottom-lands, as the basalt is rent by huge crev- 
ices in this direction and that, like a field of old ice. Altogether, prob- 
ably 175 square miles of the Blackfoot Basin can be made productive. 

The upper valley of the Portneuf contains much more flat land than 
the supply of water will irrigate, as the stream is here very small. A 
narrow strip of valley extends down the river through most of the cafion, 
widening out and running up the lateral branches. In the lower valley, 
Marsh Creek will water a narrow strip of bottom-land, averaging from 
one to two miles in width throughout its entire course. In this valley 
the Portneuf is crowded between a basalt wall and the steep slopes of 
the Portneuf Range, leaving no valley of any consequence. A narrow 
ribbon of bottom-land accompanies this river through the caiion below, 
in the Bannack Range, and as the valley widens out to the Snake River 
Plains the area of irrigable land becomes broader. The arable area on 
the Portneuf and Marsh Creek I estimate at about 150 square miles. 

Turning now to the Bear River, we find in its upper valley a broad 
area susceptible of irrigation. The soil here is good, but the situation 
is exposed, and the winters long and severe. In the valley of Upper 
Twin Creek there are small areas of irrigable land. In this upper val- 
ley, altogether, there are about 150 square miles which can be rendered 
productive. On Smith’s Fork there is a narrow valley, not more than 
half a mile in width and 20 miles in length. Thomas Fork has a very 
fine valley four or five miles in width and 15 in length, all of which can 
be irrigated. On the Bear, below this stream, in the cafion through the 
foot-hills of the Aspen Range, there are several square miles of fine bot- 
tom land, admirably well sheltered. 

Bear Lake Valley contains about 275 square miles of tillable land. It 
extends in a broad belt on both sides of the river southward from the 
Soda Springs for 15 miles, then is interrupted by a mass of buttes which 
force the river into a cation, but begins again at Georgetown and ex- 
tends up to the lake. A large valley of excellent land extends sev- 
eral miles up North Creek. A narrow strip of arable land extends, 
with slight interruptions, up the west side of the lake. At its south 
end the valley widens out, giving an area of about 15 square miles of 
fine land, in which are the Mormon towns of Meadowville and Laketown. 
On the east side of the lake, the only flat country consists of small 
patehes at the mouths of Indian and North and South Eden Creeks. 

ollowing the Bear down below Sheep Rock, we find a small, irrigable 
area against the west base of the Bear River Range. Then, as the river 
runs out of the basalt, its course widens from a close cation "toa valley, 
narrow at first, but widening to a mile or more in Gentile Valley, which 
extends down to the mouth of Cottonwood Creek. 

The lower part of Mink Creek has a few square miles of arable land. 
Then we reach Cache Valley, almost the whole extent of which can be 
cultivated, as well as the valleys of many streams entering it from the 

north and. west. The whole area of arable land here is about 400 square 
miles. Much of this is naturally irrigated; while Cub River and Logan 
Fork, with their branches from the mountains and the other mountain 
streams, will go far towards irrigating the upper portion of the eastern half 
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of the valley. The western portion north of the Gates is slightly raised: 
above the eastern portion, so that here the waters of the Bear cannot 


be used, and only such portions can be utilized as the numerous small. 


streams and springs will water. 

_  Malade Valley contains 175 square miles of irrigable land. The val- 
ley is flat, and though the streams have but slight fall, still, as the 

benches are everywhere low, the water can be taken all over the valley. 
Summing up, I should estimate that this district contains 2,200 square 

miles of land that can be irrigated and cultivated profitably. It is one 

of the best agricultural sections of the Western country. This arable 

area is 17 per cent. of the total area of the section. 


The following table represents in brief the absolute and relative areas — 


respectively of arable, pasture, timber, and worthless lands. 


Area : 

square maa 

miles ge. 
Amable Vandy o ie ota it we eek pe cals COS Rete ES aoa Ma MRI ee bien Oe a (See i oe 2, 200 17 
Pasture-land (where sage is not the predominating growth)..-..---.-----.---.------ 5, 300 41 
Sage-land. (This may produce g grass, but not in sufficient abundance to be classed 

as pashure lami.) ii: 2 c828 2 fossa eie em ieehas'Sciaa ee = pee eR cemets Ie Ce eee 2, 500 19 
Heavily-timbered land (timber, pine and spruce of large growth) .-----.------.-.--- 2, 000 1p, 
Area covered with scattering timber of small size or inferior Gality’- RSE Mer R an sn 800 6 
Lake area (Bear Lake and swamp) Se een ee SECS ee ak Se Se tees os See see eee cic 200 137) 
SETTLEMENTS. 


In the march of emigration towards the setting sun, the drainage area 
of the Green River has been most carefully avoided. This has surprised 
me not a little. Although the Green River country, as a whole, is not 
the most delightful place of residence in the world, still there are many 
fine bits of bottom- land and of bench where the erazing is excellent; 
spots which, had they been in Colorado, would long ago have been 
seized by the squatter. Within that part of the basin which it fell to 
my lot to survey I can recall but half a dozen ranches. Of these, one 
derives its principal revenue from the ferry over the Green; another, 
at the upper stage-crossing of the Big Sandy, is a stage station; a third 
is a very large dairy ranch, located on the Green, at the mouth of Fon- 
tenelle Creek. Besides these there are two or three cattle ranches on 
the Green and La Barge Creek. 

In the summer large herds of cattle are ranched in the northern part 
of the basin, but are driven out of the country southward before the 
snows of winter set in. 

On Smoking Creek, a branch of Salt River, there is a small settlement 
whose inhabitants are engaged in manufacturing salt from the fine 
springs in that neighborhood. 

On the Blackfoot there are two or three ranches only. On the other 
hand, the region of the Bear, Malade, Marsh Creek, and Portneuf is 
well settled. The valleys of Bear Lake, Cache, and the Malade already 
support a very considerable population, mostly belonging to the Church 
of Latter Day Saints. The upper valley of the Bear is mainly in Wyo- 
ming; so Mormons have not settled there, and, as the climate is rather 
severe for agriculture, few “Gentiles” have deemed it worth while to 
squat there while there is better land to be had for the asking. 

Near the mouth of Smith’s Fork, there are several fine ranches, 
besides two small centers of population, one of them known as Coke- 
town. From this point down to its mouth there are ranches at short 
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intervals all along the Bear. The settlements (towns, villages, &c.), of 
which there are many in the Bear River country, are in all cases placed 
back from the river, generally at the edge of the valley, under the mount- 
ains, on some lateral branch of the main stream. 

Around Bear Lake there are several fine little towns. At its head, 
in a beautiful valley, shut in on the east, south, and west by high, 
abrupt hills, are Laketown and Meadowville, staid little Mormon villa- 
ges, having an almost Puritanic air of quiet and order. The population 
of the former, by the census of 1870, was 127, but since it has more than 
doubled. The latter contains nearly 200 souls. 

Half-way down the lake on the west side is the fittle hamlet of Fish- 
haven, which in 1870 contained 52 persons. Since then it has grown 
but little, if any. 

_At the northwest corner of the lake is the town of Saint Charles, 
which in 1870 had a population of 294, now increased to between 300 
and 400. Thence northward along the east base of the Bear River 
Range there is a series of small towns: Bloomington, with 316; Paris, 
with 502; Ovid, with 66; and lastly, at the forks of North Creek, Lib- 
erty, with 86 persons. These figures are from the census of 1870. The 
populations of these towns are now slightly increased. 

On the opposite side of the Bear River Swamp, under the eastern 
wall of the valley, are the little towns of Bennington and Montpelier, 
with populations respectively of 57 and 299 in 1870, and probably little, 
if any, larger at present. 

Farther down the valley, on Twin Creek, east of the river, is a good- 
sized village, by name Georgetown, containing about 200 people. 

' Then follows along stretch of valley almost without inhabitants, reach- 
ing to the bend of the Bear at Sheep Rock. Here, on the north side of 
the river, are two little villages, Soda Springs and Morristown; the lat- 
ter settled by the Morrisites, a band of dissenters from the Mormon 
Chureh. These two villages contain a total population of about 200 
persons. 

Farther down the river is Gentile Valley, which contains a number of 
fine ranches owned by unbelievers, whence the name of the valley. Be- 
low this the river flows out into Cache Valley, the “Garden of Utah.” 
This fine valley contains altogether fifteen settlements, large and small. 
They are situated at the base of the mountains ‘on either side of the 
valley; those on the east side being the largest and the most numerous. 
From the towns the cultivated fields stretch down towards the middle of 
the valley to the marshy land which borders the river. The fields are 
watered mainly from the lateral streams from the mountains. The 
towns, instead of the fields, are fenced. Ingress and egress is afforded 
by govtes, which, during the growing season, are kept closed, and are 
opened by order of the resident bishop only when all the crops are 
gathered. Then the fields become common pasturage ground for the 
flocks and herds of the inhabitants throughout the winter. 

On the east side of the valley, the most northern town is Franklin, 
Idaho, mainly peopled by Gentiles. This town is a product of the Utah 
and Northern Railroad, which, coming up from Ogden, passes through 
this valley on its way to Montana. The town is situated on Cub River, 
a large branch of the Bear, from the Bear River Range. In 1870, it 
had a population of 558. At present it is probably less. The boundary 
line of Utah is about a mile south of the railroad station in Franklin. 
Then follow, going south, Richmond, population 817; Smithfield, 744; 
Hyde Park, 343; and Logan, 1,757. These figures, given by the last 
census, have not been materially changed. The latter place is a beau- 
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tiful town, regularly laid out, with broad streets, business squares, with 
many brick and stone buildings. 

On the opposite side of the valley are, near its head, Oxford and Clifton, ° 
situated respectively at the head and foot of Round Valley Marsh. The 
former has about 260, the latter 200 inhabitants. Farther south, a few 
miles northeast of the Gates of the Bear, are Clarkston and Newton, 
containing respectively 153 and 195 persons in 1870, and probably about 
the same at present. The remaining towns in the valley are outside of 
my district, and will not be mentioned in this connection. 

In Malade Valley there are four settlements. Malade City, the larg- | 
est place, is situated on Mill Creek, about 6 miles above its junction with 
Malade River. It had a population in 1870 of 591, and has increased — 
little, if any, since. Samaria is situated southwest of the latter, 8 or 10 — 
miles away, on the southwest edge of the upper expansion of the valley. 
Its population is between 100 and 200. Portage and Plymouth are two > 
small villages, situated further down the valley, the one on the west, — 
the other on the east side of the river. The total population of the valley 
is about 1,000. 

In the valley of Marsh Creek and the Portneuf, the railroad has given 
birth to two paper towns—Oneida in the former and Portneuf in the 
latter valley. The latter town, which (1878) has just sprung into being, 
occupies a position at the present end of the railroad, about 3 or 4 miles 
below the mouth of Marsh Creek. These towns contain 200 or 300 people 
each, but it is a floating population dependent upon the railroad, and 
they may be suddenly deserted as the end of the railroad is moved — 
northward toward the plains of Snake River. . 


RATLROADS. 


The Utah and Northern is the only railway in my district. Itis a 
narrow-gauge, built originally only to Franklin, by the Mormons, to con- 
nect their settlements. Starting from Ogden, Utah, where connection 
is made with the Union and Central Pacific and the Utah Central, it 
skirts the west base of the Wahsatch Range to its northern end nearly 
to the Gates of the Bear. Here it turns eastward, climbs the rolling 
plateau at the north end of the Wahsatch, and runs down into Cache 
Valley. Crossing this to the west side, it again turns north under the 
west base of the Bear River Range. It passes through the towns of 
Logan, Hyde .Park, Smithfield, Richmond, and Franklin. Here for 
several years was the terminus, although it had been the original inten- 
tion to push it on to Soda Springs, and a road-bed was graded for sev- 
eral miles in that direction. During the last year it got into the hands 
of Gentiles, and it was pushed northwestward through Red Rock Gap 
to Marsh Creek, and thence down the Portneuf, Montana-wards. ‘Trains 
are now (1878) running to Portneuf station, on the lower Portneuf, and 
the road is graded nearly or quite to the Snake River. 


HISTORY OF THE EARLY EXPLORATIONS OF THIS REGION. 


From very early times, even back in the last century, this region has 
been frequented by fur traders and trappers. The waters of the Green, 
Bear, and Snake yielded valuable peltries in great abundance, and in 
the broad valleys the far companies had their annual meetings with the 
trappers for trade. Naturally, here, too, took place many and bloody 
conflicts between the red men, the lords of the soil, and the interloping 
trappers. 
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The agents of the fur companies and the trappers, of course, became 
intimately acquainted with the country, but their knowledge died with 
them, and it was not until the year 1832 that anything like exploration 
was attempted. In that year Captain Bonneville, of the United States 
Army, having obtained a year’s leave of absence, set out on a trading 
and exploring expedition. His venture was a private one, and his ex- 
plorations were made at his own expense. Starting from Fort Osage, 
Missouri, he took the North Platte and Sweetwater route, crossing at 
South Pass to the Green River Basin. He took wagons as far as Horse 
Creek, on Green River, being the first to reach Pacific waters with 
them. -He spent three years wandering about in the northwest country 
exploring, trading, and trapping. His travels extended to the Colum- 
bia River, in Oregon, in a northwest direction, and nearly to the mouth 
of the Big Horn, towards the northeast, and his map represents, with 
an approach to general correctness, the northern part of the Great 
Basin, portions of California, most of Snake Rivér, the North Platte, 
Big Horn, Yellowstone, and Missouri Rivers, with the country adjacent 
tothem. ‘Lhe principal geographical features of my district, the Green, 
Bear, Blackfoot, and Portneuf Rivers, are recognized. The map, how- 
ever, 18 extremely faulty in geographical positions, many of them being 
one, two, or more degrees out of place. Bonneville was unquestionably 
the first to give the world definite, certain information regarding the 
Great Basin. Previous to his time all that was known of it was vague 
and visionary, the exaggerated tales of mountaineers and trappers. 

Following Bonneville, in 1842, came Frémont. On his first expedition 
he crossed South Pass, and, skirting the southwest base of the Wind 
River Range, he went to the head of Green River Basin. Here, leaving 
his main party camped at one of the beautiful glacial lakelets which are 
found at the base of the range, he, after much toil and trouble, succeeded. 
in reaching the summit of one of the highest peaks of the range, which 
has thenceforth bornehisname. | .aving accomplished this, which in those 
early days was accounted a remarkable feat, he returned to the States. 
On his second expedition, he crossed the continental watershed at South 
Pass, and thence followed the present overland road down the Big Sandy 
to the Green, and thence, in a southerly direction, to Fort Bridger. 
Thence he went northwesterly, to Ham’s Fork (“‘Muddy”), and from a 
point near its head, probably on the course of the overland road, he de- 
scended to the Bear. He followed the Bear to the Soda Springs, in 
Southeastern Idaho, continued down it through Cache Valley, and 
finally reached the shores of Great Salt Lake. He madea partial recon- 
naissance of the lake, in an India-rubber boat brought for the purpose; 
but, provisions becoming scanty, he beat a hasty retreat northward, to 
(old) #ort Hall, via the valley of the Malade (Roseau or Reed River) 
and the Portneuf. Thence he continued his route down the Snake 
towards Oregon. 

Frémont. was, on both these expeditions, well provided with instru- 
ments, and his work is generally regarded as among the best done in 
those early days. While the errors of some of his positions are great, 
still they are no larger than was to be expected from the methods neces- 
sarily employed. 

In 1849, Captain Stansbury, during the progress of his survey. of the 
Great Salt Lake, made two reconnaissances within the district under 
consideration, one northward, up the Malade and down the Portneuf 
to (old) Fort Hall, on the Snake river, near the mouth of the Portneuf, 
and the other up the Bear into Cache Valley. 

In 1857 and 1858, extensive explorations were made in this region for 
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the purpose of locating routes for wagon-roads from South Pass west- 
ward. These were made by the Interior Department and were in charge 
of Mr. F. W. Lander. By combining the topographical work of the 
different parties engaged, a map, on a scale of nine miles to one inch, of — 
the area here treated of was made. This map, though containing many — 
grave errors in position, was by far the best and most detailed map of 
any considerable area in the West at that time. 

In 1873, Capt. W. A. Jones led a reconnaissance up the Big Sandy, — 
on his way to the Yellowstone National Park, without, however, adding ~ 
anything to our knowledge of the section of country under consideration. — 

In 1871, the boundary line between Utah and Idaho was run, estab- 
lishing with some exactness the parallel of 42°. I was fortunate enough 
to be enabled to make trigonometric connection with the corner post as — 
established by this survey to indicate the northeast corner of Utah and ~ 
the southeast corner of Idah>. Relative to my own work, the corner 
stands 0.78 miles too far east, while in latitude it is practically correct. — 

The west boundary of Wyoming was run in the summer of 1873. I~ 
succeeded in connecting a stake on this boundary with our geodetic 
work and found the discrepancy to be but 0.16 miles, or 845 feet, which 
was entirely in longitude. This stake was afew miles south of the 
Utah-Idaho corner. . 
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Blackfoot Mountains, 338 
Blackfoot Peak, 338, 340 
Blackfoot Peak, section through, 339 
Blackfoot Range, 328, 338, 346, 350, 477 
Blackfoot River, 337,518, 514, 695 
Blackfoot River, northern branches of, 559 
Blackfoot River, west side of, 561 
Black Rock Creek, 456 
Bloomington, 587 
Bloomington Creek, 599 
Blue Spring Hills, geology of, 609 
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Bluff Spring, 593 

Bonneville Beach, 642 

Bonneville Lake, outlet of, 566 

Bonneville’s explorations, 511 

Boundary Hills, 514 

Boundary Range, 577 

Box-Elder Cation, 570 
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Buttalo Fork, 442, 444 

Buffalo Fork and Snake River Divide, 461 

Buffalo Fork Mountains, 468 — 

Buffalo Fork Peak, 467 

Buffalo Fork, section on, 462 

Butte Creek, 406 

Bythinella, 605, 640. 

Cache a la Poudre, fossils from, 175 

Cache Valley, 512, 513, 515, 609, 700 

Cache Valley, geology of, 603 

Cache Valley Group, 603, 641 

Caddis flies, fossil, 528, 638 

Calcareous tufa, 591, 593, 601 

Calciferous Group, 71, 102 

Cambrian 564, 570, 608, 614 

Camerella calcifera, 615 

Camp Brown, 16 

Campeloma macrospira, 533, 631 

Camp Stambaugh, 7 

Camplonectes bellistriatus, 581, 626, 627 

Camptonectes stygius, 578, 626 

Canadian, 614 

Cation Creek, 432 

Cafion, Grand, of Snake River, 437, 452 

Caiion of Bear River, 574, 602 

Carboniferous, 73, 75, 77, 103, 120 

Carboniferous Coal Measures, 542 

Carboniferous deposits, 415, 435 

Carboniferous fossils, 329, 335, 339, 341, 344, 
349, 357, 358, 383, 418, 422, 428, 431, 455, 
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Carboniferous plateau, 414 

Carboniferous rocks, 520, 549, 556, 557, 563, 
574, 575, 580, 600 

Carboniferous, section of, 618 

Carboniferous strata, 329, 335, 338, 381, 387, 
400, 416, 417, 420, 447, 449, 455, 470 

Cardium pauperculum, 291 

Cardium trite, 291 

Caribou Mine, 144 

Caribou Mountain, 654, 668 

Caribou Range, 327, 350, 360, 363, 478. 

Caribou Range, section across, 393 

Caribou Region, 391 

Carinifex, 601 

Cariso Mine, 142 


INDEX. 


Caryophyllia egeria, 275 
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C. A. White, report of, 161 

Cement, 149 

Cenozoic rocks, 634 

Cenozoic strata, 361, 363, 438 

Cephalopods, 628 

Cherokee Peak, 662 

Chonetes, 546, 563 

Chonetes platynota, 619 

Clark, 603 

Clastes ferox, 535, 639 

Clear Creek, 552 

Clifton, 603 

Coal, 148, 467 

Coal, analyses of, 126 

Coal, impure, 589 

Coal in Bell’s Pass, 5386 

Coal in Gentile Valley, 601 

Coal on Smith’s Fork, 577, 630 

Coal on Twin Creek, 535, 575 

Coalville, Utah, fossils from, 232 

Coketown, 577 

Coketown Butte, 581 

Cold Spring, 591 

Collier’s Creek, 600 

Colorado Cretaceous, 538 

Colorado Group, 85, 109, 122 

Comstock on Tertiary of Buffalo Fork, 467 

Comstock, Prof., 512, 524 

Comstock, Theo. B., 324 

Conocoryphe, 568, 616 

Continental water shed, 471 

Contributions to Paleontology No. 2, 273 
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Corbicula (Veloritina) durkeei, 575, 582, 632 

Corbula, 533, 540, 631 

Corbula nematophora, 290 

Corbula pyriformis, 582, 632 

Cottonwood Creek, 601 

Crassatella cimarronensis, 287 

Crater Buttes, 376 

Crater in Gentile Valley, 597 

Craters in Basalt Valley, 597 

Craters in Blackfoot Basin, 561 

Cretaceous, 84, 121, 371, 578, 579, 629 

Cretaceous fossils, 629 

Cretaceous fossils, descriptions of, 273 

Cretaceous in John Day’s Valley, 543 

Cretaceous of Oyster Ridge, 533 

Crow Creek, 517,519, 554 ' 

Crow Creek, fossils from, 165 

Crow Creek, section at, 164 

Cub River, 604 

Cypris, 637 

Cyrena, 531, 637 

Cyrena holmesi, 295. 

Cyrena inflexa, 290 

Cyrena securis, 289 

Dakota Group, 84, 108, 122 
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Danforth Hills, fossils from, 211 
Dapedoglossus testis, 535, 639 
Davis Creek, 590 
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Descriptions of fossils, 273 _ 
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Descriptive geology of Green River drain- 
age area, 523 ; 
Descriptive geology of Snake 
area, 543 
Devil Creek, 609 
Devonian, 73, 541, 599 
 Dikelocephalus, 568, 616 
Diplomystus analis, 535, 639 
Diplomystus humilis, 535, 639 
Diplomystus labracoides 535, 639 
Discina, 568, 599, 616 
Divides and Passes, 686 
Divides, elevations of, 686 
Dodd’s Ranch, fossils from, 229 
Drainage area of Bear River, 697 
Drainage area of Green River, 689 
Drift, 92, 115, 137, 641. 
Dun Glen limestone, 627 
East Fork of Blackfoot River, 556 
East Hill, 666 
East Pass Creek, 421 
Eclipse, total, of sun, 655 
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Electric Peak, 672 
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Huomphatus (?) trochiseus, 615 

Euspira coalvillensis, 310 

Equisetum, 532, 638 

Error in summing up of triangles, 678 
Erosion, 89, 114, 135 

Eruptive rock, 356 

Eruptives, 114, 133 

Exogyra walkeri, 278 

Explorations, history of early, 708 
Explorations in Green River District, 708 
Fall Oreek, 374, 383, 405 

Fall Creek Basin, section in, 366 

Fall Creek Cafion, 368 

Fall Creek Region, 364 
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Fenestella, 546, 557, 609, 619, 620 
Fighting Bear Creek, 444 

Fish Haven, 587 
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Fontenelle Caiion, Carboniferous, 537 

Fontenelle Creek, 517, 531 

Fontenelle Creek ranches, 517 

Fontenelle Hogbacks, 517 

Fontenelle Hogbacks, geology of, 538 

Formation Springs, 593 

Formations, table of, 154 

Fort Hall, 328, 517, 519, 654 

Fox Creek, 439 

Fox Hills, Cretaceous, 533, 539 

Fox Hills Group, 85, 109, 123 

Fossil caddis flies, 528, 638 

Fossil fish, 535 

Fossil insects, 535, 638 

Fossil plants, 535 

Fossil Ridge, fossils from, 176 

Fossils, Carboniferous, 329, 335, 339, 341, 
344, 349, 357, 358, 383, 418, 428, 431, 455, 
469, 619 

Fossils, Cretaceous, 629 

Fossils, descriptions of, 273 

Fossils, Jurassic, 331, 333, 345, 348, 368, 
369, 378, 380, 386, 390, 428, 430, 433 

Fossils, Jura Trias, 626 
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Fossils of Laramie Group, 631 

Fossils, Permo-Carboniferous, 427 

Fossils, Silurian, 329, 413, 417, 469, 615 
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Franklin Butte, 604, 640 

Frémont, explorations of, 41 

Frémont’s Butte, 524 

Frémont’s description of Basin Spring, 591 

Frémont’s Lake, 656 

Frémont’s Peal, 524, 653, 670 

Fusus gabbi, 317 : 

F. V. Hayden’s Salt Lake Group, 603 

Game, Sweetwater, 60 

Gannett, Henry, 509, 569, 597, 600, 602 

Gannett, H., Report of, 673 

Gates of Bear River, 513, 605 
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Peale, 511 

General section of formations, 612 

General section of Jura Trias, 623 

General section of Palaeozoic in Téton 
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Gentile Valley, 513, 521, 604 

Gentile Valley, geology of, 600 

Gentile Valley Group, 642 

Geological formations of Green River Dis- 
trict, general section of, 612 

Geological formations of Green River Dis- 
trict, resumé of, 611 

Geological formations of the Green River 
District, 515 

Geological Report of O. St. John, 323 

Geology of Green River Basin, 523 

Geology of Green River District, Report 
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Geology of John Day’s Valley, 543 

Geology of Wind River Mountains, by 
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Gervillia, 547, 560, 624, 627 

Gilbert on Bonneville Lake, 566 

Glacial Lakes, 526 

Glacier Creek, 518, 547, 549, 552 

Glaciers, 22,91 
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Glaciers, ancient, 90, 115, 135 

Glauconome, 546, 619 

Glycimeris berthoudi, 299 

Golden, Colorado, fossils from, 197 

Goniobasis chrysallis, 575, 632 

Goniobasis chrysaloidea, 575, 582, 632 

Goniobasis cleburni, 582, 632 

Goniobasis tenera, 525, 639 

Goodfellow’s Creek, 439 

Gordon, G. W., 555 

Grand Cafon of Snake River, 437, 452 

Grand Téton, 671 

Granger, 516, 517, 532 

Granite, 515, 524 

Granite Hills, 45 

Graphite, 148 

Gravel Creek, 342 

Grazing land on Blackfoot, 519 

Grazing land on Salt River, 519 

Great Basin, 512 

Green River, 512, 513, 526 

Green River Basin, 512, 513, 690 

Green River Basin, description of, 516 

Green River Basin, descriptive ’ geology 
of, 523 

Green River Basin, Jura Trias in, 622 

Green River Basin, Post- Cretaceous of, 
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Green River City, 516 

Green River District, arable, pasture, 
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Green River District, area of, 511 

Green River District, Bridger Group of, 
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Green River District, Cambrian of, 614 

Green River District, Canadian of, 614 

Green River District, Carboniferous of, 
616 

Green River District, Cenozoic rocks of, 
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Green River District, Cretaceous of, 629 

Green River District, drainage of, 512. 

Green Elves District, early “explorations 
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Green River District, geological forma- 
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Green River Di strict, mountains of, 514 
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Green River drainage, area of, 689, 690 
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Green River, New Fork of, 516 

Green River, physical features, 690 

Green River, section on, 532 

Gray’s Lake Ridge, 357 
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Grouse Creek, 361, 376 

Gros Ventre Mountains, 446 

Gros Ventre Peak, 654, 670 

Gros Ventre Range, 325, 448, 475 

Gros Ventre River, ‘421, "444 

Gros Ventre Valley, 454, 457 

Gros Ventre Valley, section in, 454 

Gryphea, 626 

Gulch Mining, 146 

Gypsum, 149 
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Haw’s Fork, 517, 532 

Ham’s Fork Basin, 523, 534 

Ham’s Fork Plateau, 514, 534 
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Ham’s Hill, 533 
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Hayden, Dr., on Wind River Mountains, 
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Hayden, ¥. V., on Bear Lake plateau, 583 
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Hemipronites, 619 
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Higham’s Peak, 335, 337 

Higham’s Peak Ridge, 330, 477 

Higham’s Peak, section through, 336 

‘Hilliard Station, fossils from, 249 
Hill Springs, 591 — 
History of early explorations in Green 
River District, 708 

Hoback, 669 

Hoback’s Basin, 654 

Hoback’s River, 442, 448 

Hollow Hand, 515, 561, 695 

Hooper Spring, 593 

Horse Creek, geology on, 527 

Hot Springs, 86 

Humboldt Group, 640 

Hyatt, Prof. A., 629 

Hyde Park, 603 

Hyolithes, 616 

Indians, 55 

Indusia calculosa, 638 

Inoceramus, 538, 629 

Inoceramus gilberti, 285 

Inoceramus howelli, 284 

Inoceramus oblongus, 285 

Insects, fossil, 535, 638 

Iowa Gulch, 392, 395, 404 

Tron Springs, 592 

Itinerary of Green River Division, 516 

Itinerary, Sweetwater District, 5 

Jackson’s Basin, 411, 420, 443, 450, 453 
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443 
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John Day’s River, 512, 513, 518, 543, 694 

John Day’s Valley, 543 
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John Gray’s Lake Basin, 402 
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Jurassic fossils, 331, 333, 345, 348, 368, 369, 
378, 380, 386, 390, 428, 430, 433 

Jurassic rocks, 520, 562, 574, 575, 578, 580, 
581, 584, 588, 596, 600, 621, 623, 628 

Jurassic strata, 331, 337, 347, 371, 382, 386, 
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Jura Trias, 359, 556, 559-561, 621, 622, 628 

Jura Trias, Dr. C. A. White on. 625 

Jura Trias fossils, 626 

Jura Trias, general section, 623 

King, Clarence, 572 

King on Trias, 625 

Koipato Group, 625 

Labarge Creek, 531,539 

Labarge Mountain, 530 
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Lakes, Pliocene, 589, 604 

Lakes, Tertiary, 603, 604, 634, 636 

Laketown, 587 

Lander Creek, 528 

Lander Road 519, 554, 562 

Laramie fossils, 556 

Laramie Group, 88, 124, 422, 436, 527, 533, 
536, 578, 581, 630, 631 

Laramie Group fossils, 631 

Laramie Group, section of, 353 

Laramie sandstones, 539 

Latitudes, tables of, 681 

Lava Creek, 467, 470 

Lead Creek, 516 

Lead Creek, geology on, 527 

Left Hand Springs, 591 

Leigh’s Creek, 412 

Leucite Hills, 134 

Leucitophyrite, 134 

Leptopora, 599, 620 

Lesquereux, Prof., 353, 366 
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Limonite, 570 
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List of Carboniferous fossils, 619 

List of Jura Trias fossils, 626 

List of Laramie fossils, 631 

List of minerals, 645 

List of primary stations, 661 

List of Silurian fossils, 616 

Lithostrotion, 563 

Little Blackfoot, 357 


| Little Gros Ventre, 444, 448 
Little Malade, 609 


Little Sandy River, 526 

Little Thompson Creek, fossils from, 177 
Logan Cafion, 521, 598 

Logan Fork of Bear River, 513 
Longitudes, tables of, 681 

Lower Gros Ventre Buttes, 421, 445 
Lower Portneuf Valley, 512 

Lower Valley of the Portneuf, 565 
Low Pass Basin, 452 

Low Pass Gap, 432 

Innatia coalwillensis, 310 

Lynx Creek, 527 

Mactra cationenses, 297 

Mactra holmesi, 295 

Malade City, 608, 614 

Malade Range, 605, 763 

Malade Range, geology of, 606 
Malade Valley, geology of, 608 
Malade Valley Group, 641 
Mammoth Hot Springs, 660 
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Mammoth Mine, 535 

Marnoch, G. W., fossils sent by, 268 

Marsh Creek, 513, 565, 609, 642 

Marsh Creek, eology on, 528 

Marsh Creek’ troup, 642 

Marsh Creek Valley, 696 

Maynard’s Ranch, fossils from, 163 

McCoy's Creek, 327, 360, 388, 392 

McCoy’s Creek, section 401 

MecDougal’s Creek, 518, 543 

McDougal’s Gap, 518, 542 

Meadowville, 587 

Measurement of sevilla base, 651 

Medicine Butte, 669 

Meek and Hayden, 386 

Meekoceras beds, 622, 624, 625, 628. 

Meekoceras gr acilitatis, 558, 560, 624, 626, 627 

Meekoceras, Mushbachanus, 560, 624, 627 

Meekoceras aplanatum, 558, 624, "626 

Membranipora, 632 

Mendon, 604 

Meridian Ridge, 513, 517, 531, 536 

Meridional Valley, 528 

Meridional Valley, geology of, 539 

Mesozoic, 453, 457, 470 

Mesozoic orography, 632 

Mesozoic rocks, 621 

Cretaceous, 621 

Mesozoic strata, 336, as 425 

Metamorphics, 66, 98, 119 

Methods of topographical aah 675, 679 

Middle Creek, 557 

Middle Park, ‘drift of, 202 

Middle Park, “lake beds,” 202 

Mill Creek, 609 

Minerals, catalogue of, 157 

Minerals of Green River District, 645 

Miner’s Delight mine, 145 

Mines, Sweetwater, 142 

Mink Creek, 521, 600, 602 

Mioplosus abbreviatus, 535, 639 

Modiola, 537,575 

Montpelier, 520, 587, 588 

Moody Creek, 411 

Morainal Ridges, 444 

Moraines in Wind River 
524, 526 

Morrison, Colorado, fossils from, 197 

Mosquito Creek, 361 

Mountain ranges of Téton District, 325 

Mountains, elevations of, 681 

Mountains of Green River District, 514 

Mountains, tables of, 681 

Mount Bainbridge, 360, 393, 402 

Mount Baird, 432 

Mount Caribou, 360, 391, 395-399 

Mount Caribou ‘voleanics, 403 

Mount Darby, 529 

Mount Essex, 133 

Mount Hayden, All, 474 

Mount Kimball, 583 

Mount Leidy, 325, 457, 459, 460 

Mount Leidy Group, 448 

Mount Leidy Highlands, 444, 456 
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Mount Preuss, 514, 590, 654, 667 
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Mount Moran, 413, 419, 475 
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Mount Sheridan, 659, 671. 

Mount Steele, 663 
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Myalina whitei, 575, 626 

Mytilus, 537, 626 

Myrica, 535, 638, 639 
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Niobrara Group, 112 
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Obolella, 568, 616 
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Ors anic contents of Post-Cretaceous, 631 
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Ostrea bellaplicata, 276 
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Orthis plicatella, 599, 616 

Orthis testudinata, 599, 616 

Ovid, 587 

Owen, F. D., 509 
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Oyster Ridge, 517 

Oyster Ridge geology, 533 
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Pacific Creek, 464 
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Physa, 604 
Physa carletoni, 306 
eee! features of Green River District, 
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Pierre’s Basin, 323, 411, 438 
Pierre’s Mountains, 425 
Pierre’s River, 324 
Pierre’s River, North Fork of, 412 
Pilot Butte, 665 
Pine Creek, 578 
Piney Creek, 529 
Placers of Tin Cup Creck, 404 
Placunopsis hilliardensis, 278 
Plains of Téton District, 326 
Planorbis, 564, 589, 601, 602, 605, 640, 641 
Plateaus of Green River District, 513 
Platyerinus, 548, 619 
Plicatula hydr oth eca, 279 
Pliocene, 112, 132, 565, 569, 571, 586, 600, 

601, 602, 603, 635, 640 
Pliocene beds, 476 
Pliocene lakes in Bear River Valley, 589 
Pliocene marls near South Pass, 524 
Pliocene near Georgetown, 588 
Plymouth, 608 
Point of Rocks, fossils from, 216 
Polypora, 563 
Porcupine Creek, 372 
Portage, 608 
Portneuf Cation, 597 
Portneuf, Lower Valley of, 565 
Portneuf Mountains, 513 
Portneuf Range, 328, 563, 567, 607, 701 
Portneuf Range, Carboniferous of, 618 
Portneuf River, 513, 563 
Portneuf, Upper Cation of, 564 
Portneuf Valley, 696 
‘Post-Cretaceous, 88, 124, 533, 629 
Post-Cretaceous or ography ; 632 
Post-Tertiary sands, 464 
Potsdam, 615 
Potsdam. Group, 70, 101, 119 
Potsdam quartzite, 417, 446, 449 
Preuss, Mount, 514, 590, 654 
Preuss Range, 557, 588 
Preuss Range, Carboniferous of, 618 
Preuss Range, geology of, 589 
Primary triangulation, 651, 655 
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Primary triangulation of 1878, 655 

Priscacara peatei, 539, 639 

Priscacara serrata, 535, 639 

Products, 530,548, 557, 577, 584, 598, 619,620 

Productus costatus, 563, 609, 620 

Productus mullistrtatus 546, 547, 619, 622 

Productus pratteni, 609 

Productus prattenianus, 620 

Productus semireticulatus, 610, 620 

Proetus, 548, 619 

Promontory Peak, 407 

Provo Beach, 642 

Prozoic Rocks, 66, 96 

Pteria gastrodes, 280 

Pteria parkensis, 279 

Pteria propleura, 281 

Piylodyctia, 548, 619 

Pupa, 531, 637 

Putnam Hills, 477 

Pyramid Creek, 360, 385, 388, 405 

Pyramid Springs, 592 

Pyrgulifera, 533, 631 

Pyrgulifera humerosa, 575, 582, 632 

Quaternary deposits, 440, 443, 601, 641 

Quaternary drift, 563, 587, 641 

Quaternary ¢ oravels, 405 

Quaternary lakes, 589, 601, 604, 608 

Quartzite, Ogden, 598 

Quartzites on Swan Creek, 588 

Quebec Group, 415, 417, 420, 448, 456, 469, 
567, 571, 614 

Railroads, 708 

Railroads in Green River District, 708 

Ralston Creek, trap outflow in, 194 

Ranches on Fontenelle Creek, 517 

Rawlings Springs, 32 

Rawlins base- line, 651, 662 

Rawlins Peak, 655, 662 

Raynolds, Capt. W. F. , 323, 448 

Red Beds, 435, 624, 625, ” 629 

Red Creek, 549, 552, 609 

Red Paint Mine, 148 

Red Rock Gap, 565, 608, 642 

Red Rock Pass, 606 

Report of A. C. Peale, 509 

Report of A. D. Wilson, 649 

Report of Henry Gannett, 673, 675 

Report of Orestes St. John, 321 

Report on primary triangulation of 1878, 
655 

Report on the geological field- word of the 
Téton Division, 325 

Report on the geology of the Green River 
District, 511 

Report on the primary triangulation of 
1877 and 1878, 651 

Report on triangulation of 1377 
651 

Résumé of geological formations, 611 

Riiombopora, 546, 563, 619 


and 1878, 


| Rhombopora ’ lepidodendr oides, 557, 609, 620 


Rhynchonella, 599, 620 

Rhynchonetla ‘pustulosa, 598, 620 
thynchonella rockymontanus, 598, 620 

Rhunchonella uta, 609 

Rhytophora meekti, 575, 632 

Richmond, 603 

River Springs, 592 

Rock Creek, 514, 574 

Rock, Independence, 31 
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Rocks of Green River District, 646 

Rock Springs, fossils from, 215 

Roseaux Creek, 609 

Reet Fork, 328, 329 
Sage Creek, fossils from, 205 

Salt Lake, 513 

Salt Lake Basin, 513 

Salt Lake Group, 603, 634, 640 

Salt Wells, 5 

Salt Works, 519, 555 

Salt River, 393, 513, 694 

Salt River conglomerate, 552, 641 

Salt River Range, 514, 518, 694 

Salt River Range, Carboniferous of, 617 

Salt River Range, geology of, 545 

Salt River Range, Jura Trias in, 622 

Salt River Valley, 405, 519, 694 

Salt River Valley, geology of, 551 

Samaria, 608 

Sand Dunes, 116, 137 

Sawtelle’s Peak, 658, 671 

Scudder, Prof. S$. H., on fossil caddis flies, 
528, 638 

Secondary triangulation, 676 

Section, general, 612 

Section of Carboniferous, 618 

Section of Jura Trias, 623 

Section of Silurian, 615 

Section of Tertiary, 635 

Section of Tertiary by Hayden, 458 

Sections of strata, 189,331, 333, 339, 
352, 354, 358, 366, 369, 372, 377, 378, 
385, 393, 423, 426, 430, 454, 458, 462, 525, 
526, 529, 532, 33, 537, 533, 540, 541, 544, 
545, 547, 548, 550, 553, 554, 560, 568, 570, 
575, 577, 578, 579, 583, 584, 586, 588, 602, 
606, 614 

Seminole Peak, 663 

Separation Peak, 655, 663 

Settlements, 56, 706 

Settlements of Green River District, 706 

Sheep Rock, 520, 598, 600 

Sheep Mountain, 27 

Shoshone Creek, 552 

Shoshone Range, 467 

Sickle Creek, 518, 546 

Silurian, 70, 101, 541, 569, 598, 600, 607, 613 

Silurian fossils, 329, 413, 417, 615 

Silurian, Lower, 329, 414 

Silurian section, 615° 

Silurian strata, 382 

Slate Creek, 517, 532 

Slopes of streams, 687 

Smithfield, 603: 

Smith’s Fork, 520 

Smith’s Fork of Bear River, 577 

Smith’s Fork of Bear River, section along, 
579 

‘Smith’s Fork, Post-Cretaceous of, 630 

Smoke Creek, 375 

Smoking Creek, 519, 554 

Smoking Creek, salt works on, 535 

Snake River, 324, 327, 393, 441, 512, 513 

Snake River Divide, Buffalo Fork and, 
461 

Snake River, expedition of 1872, 424 

Snake River, Lower Valley of, 405 

Snake River ’ Mountains, 377 

Snake River Range, 325, 391, 424 

Snake Plain, 338, 357 


347, 
383, 
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| Spring Point, 435 


Snake Valley, 381 

Snow Peak, 21, 524 

Soda Peak, "654, 667 

Soda Spring Creek, 596 

Soda Springs, 513, 519, Beli) 

Soda Springs, geology’ near, 589 

Soda Springs Hills, 596 

Soda Springs Hills, Carboniferous of, oo 

Soda Springs Valley, 596 

Soil, 92, 116 

Souls and Perkins Mine, 144 

South Fork of Blackfoot, 558 inl 

South Hill, 666 

South Pass, 511, 524 

Spherium, 589, 601, 605, 640 

Spirifer, 540, 548, 619, 620 

Spirifer (Mar tinia), 598, 620 

Spirifer ae tinia) planoconverus, 546, 610, 
619, 620 

Spirifer Ltockyniontanus, 563, 584, 598, 610, 
620 


Spirifer striatus, 546, 598, 609, 619, 620 
Spirifirina, 563 

Spring Bluff, 593 

Spring Creek, 429, 584 

Spring, Hooper, 593 

Spring, Pavilion, 592 


Springs, 54 | 
Springs at Soda Springs, table of, 594 
Springs, Basin Creek, 591 7 
Springs, Beer, 591 

Springs, formation, 593 

Springs, Hill, 591 

Springs, Iron, 592 

Springs, Left Hand, 591 

Springs on Cottonwood Creek, 601 \ 
Springs, Pyramid, 592 

Springs, River, 592 

Springs, Sulphur, 595 

Spring, Steamboat, 590 

Stambaugh, 652 

Star Peak Group, 625 

Station Butte, 577 

Saint Charles, 587 


| Steamboat Spring, 590 
| St. John, Mr., 511, 548, 553, 556, 614 
| St. John, O. H., fossils sent by, 267 


St. John, Orestes, report of, 321 
Strawberry Creek, 553 

Streams, slopes and elevations of, 681 
Streptorynchus, 548, 619 
Strophomena, 5 530 

Saint Vrains River, fossils from, 178 
Sub- Carboniferous, 74, 76, 103, 120 
Sublette’s Creek, 576 

Sublette Range, 514, 557 

Sublette Range, eeoloey of, 580 
Sublette Range, Jura Trias of, 623 
Sublette’s Road, 517, 529 

Sublette’s Road, fossils near, 535 
Sulphur Springs, 595 

Surface features of Téton District, 324 
Swan Creek, 587 

Swan Creek, Anticlinal near, 588 
Sweetwater drainage, 48 
Sweetwater Group, 110 

Sweetwater Hills, 43 

Sweetwater Plateau, 44 
Sweetwater, Region south of, 119 
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Sweetwater River, 28 

Sweetwater Valley, 524 

Sweetwater Valley, geology of, 95, 116 
S Synocladia, 548, 619 

Syringopora, 546, 619 

Table of observations on springs, 594 
Tables of azimuths and distances, 662-672 
Tables of latitudes, &ce., 681, 687 
Tabular view of Cretaceous species, 252 
Tabular view of Laramie species, 255 
Tageart, Mr., 443, 465 

“Tamer edia, 561, 579, 626, 627 

Tancredia celionotus, 288 

Terebratula augusta, 560, 562, 624, 627 
Terebratula semisimplex, 560, 624, 627 
Terraces at Logan, 604 

Terraces in Cache Valley, 566 

Terraces on Franklin Butte, 604 
Terraces on Marsh Creek, 565 

Tertiary, 606, 609 

Tertiary beds in Gros Ventre Valley, 457 
Tertiary deposits, 453 

Tertiary of Green River District, v35 
Tertiary orography, 640 

Tertiary rocks, 393, 445, 448, 452, 466 
Tertiary section, 458, 635 

Téton Division, eeological report of, 323 
Téton Pass, 432, 435 

Téton Pass Hills, 433 

Téton Pass Mountains, 429, 432 

Téton Range, 411, 443 

Téton Range, Archean area of 412 
Tétons, 340 

To-gwo-tee Pass, 443, 471 
Topographical Reports, 651, 675 
Topography, 647 

Total eclipse of sun, 655 

Towns, elevations of, 681 

Towns, tables of, 681 
Thomas Fork, 513 

Thomas Fork of Bear River, 581 
Thon:pson Plateau, 513, 518, 530, 539 
Thompson Plateau, Carboniferous of, 617 
Thompson Plateau, geology of, 539 
- Thompson’s Pass, 518 
Three Buttes, 376 
Three Crossing, 29 
Three Deer Creek, 372 
Three Pine Creek, 344 
oo areas of Green River District, 
Timber lines, elevation oe 686 
Timber-line heights, 686 
Tin Cup Creek 360, 388, 399, 404 
Trachyte, 377, 379, 382, 406, 407, 420, 441, 
447, 448° 

Trachytes flows, 376 
Trails, 59 

Trapezium, 538, 629 

Trapezium micronema, 293 

Trapezium truncatum, 292 
Triangulation primary, 651, 655 
Trias, : 332, 423 

Trias in Salt River Range, 547 

Trias in Wyoming Range, 541 

Triassic, 382, 453, 471, 584 

Triassic Group, 80, 105, 121 

Triassic in Blacktoot Basin, 556, 559 
Triassic in Salt River Range, 550 
Triassic on Fontenelle, 537. 


| Wilson, A. D., 
| Wilson, Mr., 


Triassic plants, 628 
Trigonia, 537, 626, 627 


| Trout Creek, 600 


Twin Creek, 514, 574, 590 

Twin Creek, fossil fish from, 535 

Twin Mountains, 422 

Twin Springs, 596 

Twin Springs, fossils from, 563 

Two Ocean Pass, 476, 660 

Tufa, 591, 593 

Tullock’s Fork, 590 

Turbonilla coalvillensis, 305 

Turritella coalvillensis, 315 

Turritella marnochi, 314 

Turritella micronema, 316 

Unio haydeni, 532, 638, 639 

Union Pass, 442 

Unio vetustus, 578, 582, 632 

"Jpper Bear River Valley, 574 

Upper Carboniferous, 341, 384 

Upper Gros Ventre Buttes, 446 

Upper Portneuf Cation, 564 

Upper Portneuf Valley, geology of, 563 

Valleys of Green River District, 515 

Valleys of Téton District, 326 

Valwata, 601, 605, 640 

Vegetation, Sweetwater, 59 

Virginia Peak, 546 

Vivipara, 604 

Volcanic cones, 561, 596 

Volcanic rocks, 351, 371, 374, 376, 378, 402, 
A05, 418, 445, 472, 643 

Voleanic rocks of Jackson’s Basin, 446 

Volsella, 626, 627 

Volsella (Brachydontes), 575, 632 

Wagner Creek, 532 

Wagon’ roads, 57 

Wahsatch Group, 512, 
570, 583, 584, 599, 635 

Wahsatch Group in Green River Basin, 
516, 540 

Wahsatch Range, 605 

Walker, D. H. “fossils sent by, 269 

Warm Springs i in Lower Snake Valley, 409 

Warm Water Pass, 442 

Wahsatch Group, #8, 127 

West Atlantic Peak, 653, 665 

Weston, 603 

Weston Creek, 606 

West Pass Creek, 421 

West Téton River, 415 

West Téton Valley, 416 

Whisky Gap, 38 

Whisky Peak, 664 

White, C. A., Contributions to Paleontol- 
ogy N On25 273 

White, C. A., report of field-work, 161 

White Cl ay Creek, 528 

White, Dr. C, A., 353, 400, 624, 631 

White, Dr. C. a on Jura Trias, 625 

White River Indian Agency, fossils near, 
224 

Wild Irishman Mine, 

Willow Creek, 327, 3 


526, 531, 536, 574, 


143 
338, 351, 371 


| Willow Creek Basin, 349 


Willow Creek Ridge, section through, 352 
report of, 651 

392 

Wind River ‘drainage, 50 

Wind River Mountains, 512, 513, 523, 655 


ge, 45, 32 
Wind River Range, geology of, ef 92 
Wind River Range, structure, 64 
Wolverine Creek, 338 
Wooster, L. C., fossils sent by, 266 Hs 
Wyoming Coal and Coking Co., 575 : Tophenteat 536, 539, 546, : 
Wyoming conglomerate, 113,133 _ : 600, 609, 619 — 
Wyoming Mountains, 516 Lt Zaphrents stansburyi, 563 
Wyoming Peak, 513, 541, 668 Sires: 
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